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VISION 
Striving to make every dive accident- and 
injury-free. DAN‘s vision is to be the most 
recognized and trusted organization worldwide 
in the fields of diver safety and emergency 
services, health, research and education by 
its members, instructors, supporters and the 
recreational diving community at large.

MISSION 
DAN helps divers in need of medical 
emergency assistance and promotes dive 
safety through research, education, products 
and services.

Divers Alert Network® (DAN®), a nonprofit 
organization, exists to provide expert medical 
information for the benefit of the diving 
public. 

DAN’s historical and primary function is to 
provide timely information and assistance for 
underwater diving injuries, to work to prevent 
injuries and to promote dive safety.

Second, DAN promotes and supports 
underwater dive research and education, 
particularly as it relates to the improvement of 
dive safety, medical treatment and first aid. 

Third, DAN strives to provide the most 
accurate, up-to-date and unbiased 
information on issues of common concern 
to the diving public, primarily — but not 
exclusively — for dive safety.

ALERT DIVER’S PHILOSOPHY
Alert Diver® is a forum for ideas and 
information relative to dive safety, education 
and practice. Any material relating to dive 
safety or dive medicine is considered for 
publication. Ideas, comments and support are 
encouraged and appreciated. 

The views expressed by contributors are 
not necessarily those advocated by Divers 
Alert Network. DAN is a neutral public service 
organization that attempts to interact with all 
diving-related organizations or persons with 
equal deference. 

Alert Diver is published for the use of the 
diving public, and it is not a medical journal. 
The use and dosage of any medication by a 
diver should be under the supervision of his 
or her physician. 

DAN does not sell, lease or trade its mailing 
lists. The appearance of an advertisement 
in Alert Diver does not imply endorsement 
by DAN of any product or service shown. 
Individuals who reply to advertisements 
in Alert Diver understand that they are 
volunteering their information to the 
advertisers and are, therefore, subject to that 
company‘s mailing policies.
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A pair of yellow pygmy gobies 
(Lubricogobius exiguus) occupy a 
bottle discarded on the seafloor 
near Lembeh, Indonesia.  
Photo by Jerome Kim
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I
t’s a small world, and it’s even smaller when 
you’re a diver. Whether I’m on a beach in 
South Africa, on a business trip in China or 
at the grocery store a mile from my home in 
Durham, North Carolina, I meet other divers. 

Some people think that being able to 
breathe underwater is a magical power — and they’re 
not wrong — but the magic isn’t only in the technology 
that enables scuba diving. There’s magic in the reefs, 
there’s magic in the wrecks, and there’s magic in every 
incredible wildlife encounter we have. There’s also 
magic in the connections we make with fellow divers 
— few other pursuits allow us to fly nearly anywhere, 
hop on a boat and instantly meet people who share our 
interests and passion. 

Some divers fall so deeply in love with this sport that 
they train until they’re able to teach diving or even teach 
others to teach diving. For many people, recreational 
scuba diving is not just a sport; it is a way of life. 

Every day instructors work to see that lightbulb 
come on in the minds of new divers. And every day 
they assume risks to do so. At DAN® we know all too 
well that entry-level students are subject to significant 
risks, and we have developed tools and programs 
especially for dive professionals and new divers to 
mitigate these risks. 

PROFESSIONAL HELP
A blueprint won’t prevent a massive fire from 
destroying a building, just as an emergency action 
plan won’t prevent an ostensibly healthy diver from 
having a heart attack on the surface after a dive. The 

best accidents are those that never occur, but not all 
accidents are preventable. Accidents often involve 
damages or injury, and in an inherently risky activity 
such as diving, damages and injuries can be severe. 
Dive professionals have an explicit duty of care for 
those under their instruction or following their lead. 

To help safeguard the livelihoods of dive 
professionals, DAN offers professional liability 
insurance that meets the unique needs of dive pros 
in all areas of the industry. And to help safeguard 
the lives of those divers who are learning from these 
professionals, DAN fully subsidizes Student Medical 
Expense Coverage for entry-level students. 

This service is a win-win for dive pros and students. 
In a matter of minutes, an instructor can register a 
student for a program that provides up to $25,000 in 
expense coverage for injuries that occur in or out of 
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FROM THE 
SAFETY STOP

PERSPECTIVES

By Bill Ziefle

NEW DIVERS 
AND THOSE WHO 
TEACH THEM



the water during training, protecting students for up 
to 180 days through their final open-water certification 
dive. This coverage comes at no cost to the instructor 
or student, and an easy online enrollment process 
eliminates paperwork.

When dive instructors enroll their students in DAN’s 
Student Medical Expense Coverage program, they are 
emphasizing safety from the start and setting a tone 
for the new diver’s entire dive career. DAN rewards 
professionals when their students get insured because 
we recognize it as a dedication to dive safety. We offer 
dive pros custom links that allow their students to sign 
up for DAN insurance directly through the instructors’ 
websites. A reputation for safety can distinguish a dive 
operation from its competition, and we encourage 
cultivating such a reputation to promote a culture of 
safer diving. 

FOR NEW DIVERS
That freedom you feel during your first dives after 
certification is not unlike the freedom of driving a 
car for the first time after getting your license. People 
with newfound freedoms, however, sometimes test the 
limits. Exceeding the limits of one’s training is a leading 
cause of dive accidents and fatalities, regardless of 
certification level. Far too many incidents occur during 
the first dives following certification. 

DAN strives to ensure that all new divers are set 
up for success before they make their first entry into 

open water. That’s why we enlisted some of the most 
experienced instructors, safety professionals and dive 
medical professionals to create Giant Stride, the most 
comprehensive safety guide available for new divers. 

Giant Stride provides vital information about 
equipment, dive planning, dive etiquette, underwater 
safety, dive travel and DAN programs. It’s a great 
supplementary resource to new divers’ open-water 
training materials. This valuable book is available for 
free online at DAN.org. 

In addition to providing helpful tips and information, 
Giant Stride promotes continuing education and 
training. For new divers who are eager to learn more 
and go deeper into the sport, DAN’s Prepared Diver 
course is a great place to start. This video-based course 
is accessible to divers via any DAN Pro and is the 
perfect complement to entry-level certification. 

Whether you make multiple dives a day or just 
a few each year, you were once a brand-new diver. 
For this sport to thrive, dive professionals must keep 
introducing new divers to the underwater world, 
and divers must continue to have safe and rewarding 
experiences. To prevent accidents and properly manage 
those that occur despite our best efforts, DAN offers 
resources, training and coverage to protect people for 
their entire diving lives. In the safe communities our 
programs are helping to build, we hope to see new 
divers on every dive excursion, business trip or local 
errand we venture out on. AD
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“A reputation for safety can distinguish a  
dive operation from its competition, and  

we encourage cultivating such a reputation  
to promote a culture of safer diving.”



F
or those who want to be pessimistic about 
the state of our world’s oceans, there 
are plenty of reasons: overfishing, shark 
finning, ocean acidification and rising 
water temperatures that imperil coral 
reefs. Yet for those who are passionate 

about scuba diving and are hopeful about our oceans, 
there are reasons to celebrate as well. Esteemed marine 
conservationist Sylvia Earle has been emphasizing the 
value of hope for the oceans for quite some time. While 
it’s true that half of the big fish in the ocean are now gone, 
she reminds us that half still remain. 

“Why is it,” Earle asks, “that scuba divers and 
surfers are some of the strongest advocates of ocean 
conservation? Because they’ve spent time in and 
around the ocean, and they’ve personally seen the 
beauty, the fragility and even the degradation of our 
planet’s blue heart.”

In the 40 years I’ve spent as a photojournalist I’ve 
enjoyed the beauty and fragility she describes, but I’ve 
seen the degradation as well. Recently I was teaching 
an underwater photography course in Bonaire. My last 
visit there was in 2012, but enough time had passed for 
there to be observable changes to Bonaire’s reefs.

In a world where we expect changes to coral reefs 
to be unfavorable, I was pleasantly surprised with the 
improvement. In 2012 it appeared that excessive brown 
algae was beginning to choke the reef, but in 2018 the 
coral cover seemed to be greater, there was less algae, and 
staghorn and pillar corals — species that have become 
notable elsewhere for their absence — were abundant here.

I mentioned this to Serge De Groote, the dive 
operations manager at Divi Flamingo Beach Resort, 
knowing he had been diving on the island for three 
decades and might have some insight. He suggested it 
was likely due to better sewage treatment; in 2011 the 
island began to transition many homes and businesses 
in coastal areas away from septic tanks and cesspools. 
The whole island is not yet on a sewer system, but 
there are now more than 1,300 connections, which is 
a strong step in the right direction. It was enough to 
make a difference, it seems.

I had seen the same water quality improvements 
in the Florida Keys when sewer lines were placed 
throughout the island chain. Brian Lapointe, research 
professor at Florida Atlantic University’s Harbor 
Branch Oceanographic Institute, has long researched 
these issues.

“Septic tank systems have been used successfully in 
Florida for many decades,” Lapointe said. “They require 
sufficient acreage for use as a drain field where pollutants 
are naturally diluted by percolation through aerobic, dry 
soils. It is a natural and effective treatment system, except 
when there are too many septic tanks in proximity. In 
high-density neighborhoods, there is not enough land 
space for septic tanks to properly filter the sewage. The 
untreated sewage, containing nutrients and fecal matter, 
seeps into the groundwater and then makes its way into 
nearby canals, lakes, estuaries, rivers and even the ocean.”

As seaside development in Bonaire expanded, 
septic tanks became harmful to the coral reef. This 
ecologically conscious island, with the support of the 

FROM THE SAFETY STOP
PUBLISHER’S NOTE
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SEWAGE AND SERENDIPITY
By Stephen Frink
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European Union and the Dutch government, did 
something about it.  

In addition to these wins for coral reefs, I received 
some exciting comments from marine scientists 
on Facebook after I posted a photo of the massive 
staghorn thickets along the north end of Bonaire. 
Marine scientist Les Kaufman chimed in with a simple, 
“Well, that made my day.” He said that he had been 
diving South Florida reefs with researchers from the 
Pacific who were also seeing some positive signs of reef 
resilience. He shared the following optimistic trends:

• Large parrotfishes — including potential hard-
grazers such as midnight, rainbow, stoplight, blue, 
queen and yellowtail (redfin) — are abundant.

• Surfaces on many of the reefs, at least in shallow 
waters, are well-grazed, especially on the crests of 
the main barrier.

•  Resilient coral species, especially finger and 
mustard, are recruiting abundantly, holding space 
and could facilitate recovery and replacement by 
more important framework-building species.

• Diadema urchins are beginning to recover.
• Coral restoration is gradually becoming 

recognized as a legitimate tool. 
• There is a lot of environmental heterogeneity on 

the reef tract, and it includes pockets of especially 
resistant or resilient corals.

• Florida’s outdoorsy electorate is a large and 
powerful constituency that could, at least in 
theory, suddenly see conservation as important to 
their own well-being.

• Florida has a large community of coral reef and 
environmental scientists with a strong sense of 
civic duty.

• Some people who actually understand and care 
about these things might get elected this fall.

• The effects of the summer red tide we’ve been 
experiencing are bad but transient, and maybe it will 
be a wake-up call to locals, showing that our way of 
life is threatened and that we can mend our ways and 
reestablish something of the wonder for our children.

Amid the doom and gloom of the environmental 
challenges facing our ocean, I’ll celebrate any 
little positivity I can. If something as mundane as 
sewage treatment can make such quick, quantifiable 
differences to the reefs of Bonaire, perhaps other 
islands that make their living from coral reef tourism 
will take note and invest in their futures as well. AD 
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KNOW YOUR WHALES
Thank you for putting out a 
great magazine with awesome 
information and pictures. It’s a joy 
to read! I was reading the Summer 
2018 issue today when I came 
across the photo on Page 16 that 
appears to be of a bowhead whale. 
The caption says it is a humpback 
whale, but that is incorrect.

— Mindy Hofsass

Thanks for your diligence, Mindy. 
The metadata in the image from 
Paul Nicklen correctly identifies 
it as a bowhead whale, and the 
erroneous caption was our mistake. 
We’ll continue to strive for accuracy 
in our captions.

— Stephen Frink, Publisher, 
Alert Diver

RESPONSIBLE ENGAGEMENT
I would like to make a comment 
about the photo you used for the 
article “Dive Skills for Underwater 
Photographers” (Advanced Diving, 
Spring 2018). Although the article 
was well-written and buoyancy 
control was emphasized, it is my 
understanding that unless you 

have permission and are wearing a 
specific vest, you are not allowed 
to submerge underwater to 
photograph manatees, especially in 
that area of Crystal River, Florida.

I realize the photographers are 
knowledgeable, professional and 
some of the best in the country, 
but by using this photo to make 
your point you could be setting a 
precedent for the next photographer 
who encounters manatees and might 
not be as careful or experienced. 
This photo may have been 
taken before the new rules were 
implemented, but I feel that using 
another image would have been a 
better choice to make your point. 

Manatees have had and still have a 
very rough life. Let’s not add another 
obstacle for them to deal with.

— Laura Osteen

Thanks for your note regarding 
the manatee photograph used 
to illustrate “Dive Skills for 
Underwater Photographers.” As you 
surmised, it was an older photo, 
taken before the new manatee 
regulations were in place. Your 
point is well-taken, however, and 

photographers should always 
observe local regulations. We 
appreciate your concern and 
engagement with Alert Diver.

— Stephen Frink, Publisher, 
Alert Diver

OXIDATIVE STRESS AND 
MICROPARTICLES 
I just finished reading the article 
“Scuba Diving and Life Expectancy” 
(Expert Opinions, Summer 2018). 
Could the oxidative stress and 
microparticle creation that occurs 
during dives do anything other than 
have a negative effect?

— John Griffin, via Facebook

The experts respond:
Oxidative stress is not necessarily 
all “bad” stress. Stress is what drives 
adaptation, so some of these changes 
we see could be part of the natural 
response that helps us respond 
effectively to new environments and 
new exposures. There is some really 
good literature about oxidative stress 
and adaptation; here’s a good one to 
start with: www.ncbi.nlm.nih.gov/
pubmed/9222437.

— Dawn Kernagis, Ph.D.
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As in all biology, this is likely a 
question of dosage. In healthy 
humans, oxidative stress in limited 
amounts is known to activate 
the body’s antioxidant defenses, 
which may actually prevent rather 
than cause injury. But above a 
threshold at which the body can 
no longer compensate, oxidative 
stress may become detrimental. 
Microparticle release after diving is 
an interesting field, and the same 
is likely to apply here. Actually, 
bloodborne microparticles are vital 
components of the body’s normal 
signal transmission system. They 
are increased in response to many 
environmental factors and may 
be delivering complex signals to 
all parts of the body. Both of these 
phenomena — oxidative stress and 
microparticles — have been shaped 
and tuned though evolution, but 
diving is a novel challenge to the 
human body, and we definitely still 
have much to learn.

— Ingrid Eftedal, Ph.D.

SOMETHING FOR EVERYONE
I love Alert Diver. As a diver and 
an instructor, I think the articles 
are informative and interesting. 
I read each issue cover to cover 
— that is, after my daughter 
finishes reading it. Alert Diver is 

her favorite magazine. She loves 
to flip through and look at all 
the pictures. It’s a great tool for 
fish identification. Thank you 
for a solid publication that I look 
forward to each quarter!

— Jill Brickey Hottel

REEFS MATTER
It was inspiring to see a dive 
industry periodical show the 
courage to broach the issue of 
climate change. Although your 
article “Faces of Climate Change” 
focused primarily on the polar 
regions, the implications for the 
tropics and coral reefs are equally 
clear and troublesome. I would 
encourage you to follow up and 
continue to keep your readership 
up to date on this issue. As your 
article stated, “The impacts of 
climate change are no longer 
simply predictions; we can already 
see them around the world,” and we 
know that the underwater world 
is most certainly not immune 

to the consequences. To 
be sure, there are other 
factors burdening our 
marine ecosystems — 
including land-based 
pollutants, sedimentation 
and overfishing — but 
coral reef scientists are 
virtually unanimous in 
their heightened concerns 
regarding the catastrophic 
effects of rising ocean 
temperatures and 
acidification. I believe the 
scuba diving industry would 
benefit greatly by taking 
up this charge. Regardless 
of the divisive political and 

economic implications, it should 
no longer be a point of contention 
for divers around the world to 
support efforts designed to reduce 
the obvious threats to coral reefs 
from climate change. AD

— Steve Mussman
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S
ean DeBevoise stood at the front of the 
classroom filled with military medical 
officers from the Uniformed Services 
University of the Health Sciences (USU). 
The former Marine Corps scout sniper 
wore a brace on his left leg and had 

scars on his head, shoulders, legs and arms — visible 
reminders of the life-threatening injuries he sustained 
in an ambush during the Battle of Fallujah in Iraq in 
2006. A bullet remains lodged in his brain, and grenade 
fragments still occasionally make their way up through 
the surface of his skin. He carries one in his wallet.

Standing with him was a member of his medical 
treatment team: Dr. Matthew Welder, a retired Army 
colonel and an assistant professor at USU. “This is 
why you’re here, ladies and gentlemen,” Welder told 
the group. “This is who you’re doing it for,” he said, 
referring to DeBevoise.

THE COURSE
These opening statements marked the beginning of 
Welder’s two-week course in Key West, Florida, for 
USU military medical and graduate nursing students to 
receive training for underwater emergency response. 
This course — the first of its kind — is one of three 
in a series focusing on ensuring that USU students 
are prepared to care for military service members, 
like DeBevoise, in the austere, remote and challenging 
conditions they often face while deployed. The dive 
medicine course, which comprises both classroom and 
in-water training, includes open-water, advanced open-

water and water-rescue certifications. The only dive-
specific prerequisite was the ability to swim.

Students arrived the first day wearing blue rash 
guards and carrying dive bags full of unusual 
gear and fins around their wrist and awaited their 
instructions. During the first week of the course, 
students familiarized themselves with their equipment 
and learned to scuba dive. The second week added 
pressure, exposing students to stressful conditions and 
teaching them to perform water rescues.

Over the course of the program, students worked 
as a team to accomplish 12 open-ocean boat dives, 
practiced maintaining calm while diving in demanding 
conditions and learned firsthand the challenges 
inherent to the marine environment. Training 
culminated in a high-angle rescue on board a U.S. 
Coast Guard cutter involving a man-overboard 
scenario with an unconscious victim.  

This isn’t Welder’s first course in emergency medical 
response. “The courses that we run — dive medicine, 
wilderness medicine and mountain medicine — are 
about readiness,” Welder said. “I break it into four 
areas: physical readiness, clinical readiness, operational 
readiness and emotional readiness. Participants in 
the courses, which are electives for USU medical and 
nursing students, are certified in wilderness, mountain, 
avalanche and water rescue for six years. This is the 
absolute best combination of diving, dive medicine and 
resiliency training of any dive course I know. It will 
absolutely improve the care of military members who 
experience dive injuries.” 
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EXCEPTIONAL READINESS
DIVE MEDICINE TRAINING AT THE UNIFORMED SERVICES 
UNIVERSITY OF THE HEALTH SCIENCES 
By Sharon Holland and Matthew D. Welder, DNP, CRNA 
Photos by Stephen Frink

DIVE SLATE
During the two-week 

course held in Key 
West, Florida, military 
medical officers learn 
the necessary skills to 
treat wounds and life-
threatening injuries in 
and around the water 

while in remote and 
challenging locales.
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READINESS
Because readiness can be hard to define, Welder’s four 
categories help students distinguish between tips that 
are “nice to know” and those that are “need to know.” 

Clinical readiness refers to building the medical 
expertise to identify, assess and respond to medical 
incidents. In Welder’s Key West course, students receive 
40 hours of medical instruction targeting the demands 
of military medicine. It is one thing to develop skills to 
treat patients in hospitals, but translating those skill sets 
to remote environments — in tents with field equipment 
that fits in a backpack, at night and with enemies near 
— is a different matter. USU professors have military 
experience; they’ve learned the tricks of the trade and 
now dedicate their lives to passing along these lessons.

Physical readiness includes overall fitness, nutritional 
or energy reserves, the capacity to perform under dire 
physical conditions and the availability of all necessary 
equipment. From the first day of the two-week course, 
students were required to swim, perform other 
physical exercise and practice using dive, medical and 
combat gear. Welder summed it up in three questions: 
“Do you know what tools you need and how to use 
them? Do you have the equipment to perform damage-
control resuscitation and surgery? Can you trek several 
kilometers with 35 pounds of gear on your back, 

including a defensive weapon and enough water and 
food to sustain you through the night?” 

Operational readiness prepares practitioners 
to recognize the impact of terrain, weather, 
communications limitations and other environmental 
factors on the administration of medical care; in 
addition, it involves preparation for work during 
deployment — away from familiar and comfortable 
environments and readily available tools. The austere or 
operational environment could be anywhere. Medical 
providers in the military need to be able to perform 
whether they find themselves in a combat zone, on a 
small island in hurricane conditions, working with an 
unfamiliar team or, in the case of this course, involved in 
activities related to the underwater environment.

“Too often a physician is trained in dive medicine 
without a complete understanding of the operational 
components required to conduct a safe and efficient 
diving program,” said Dr. Robert W. Sanders, a dive 
medicine instructor and assistant professor at the 
University of Texas Medical Branch in Galveston. 
“This course melds together these aspects into one 
cohesive program. It gives the physician a glimpse into 
the operational aspects of diving, training them to be 
a complete asset to the operation, able to comment on 
prevention and not just treatment.” 



Emotional readiness, which 
is often overlooked but equally 
critical, is different for everyone 
and constantly in flux. Emotional 
readiness is what ensures survival. 
It requires people to know their 
strengths, recognize their triggers 
and admit their weaknesses. While 
there is no magic pill or training 
exercise that can ensure emotional 
readiness, the pressure that medical 
professionals feel to hide their 
emotions and to appear strong is a 
clear and dangerous impediment to 
emotional readiness. To address this 
situation, Welder’s course trained 
students to perform required tasks in 
uncomfortable environments, such 
as removing a mask underwater and 
sharing air at 30 feet while rescuing 
downed divers in strong currents, to 
help them learn to make decisions 
under stress. Students were also 
reminded that teams save lives, while 
individuals are only spokes in the 
wheel of medicine.

“One cannot simply read 
about the skill in a book and 
then be successful in the austere 
environment,” said Navy Capt. 
Justice Parrott, a nurse anesthetist 
and former student in the course. 
“This experience with dive 
medicine and water rescue helps 
bridge the gap between when 
providers think they are ready to go 
into harm’s way to render care and 
when they are actually prepared.”

“The dive medicine course 
really provided me with a rare 
opportunity to gain insight into 
diving and the risks that operational 
forces are exposed to when 
performing missions,” added Air 
Force Capt. Rachael Meaders, a 
nurse anesthesia student in USU’s 
Graduate School of Nursing.

OUTCOMES
Military medical professionals 
must be ready to perform their 
skills anytime, anywhere. Their 

The training 
includes classroom 
instruction, pool 
sessions on rescue 
techniques and 
dive skills, and 
open-water sessions 
for underwater 
navigation skills and 
performing high-
angle rescues. 
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skills must be applicable when 
working in hospitals, responding 
to natural disasters, lending 
support to humanitarian 
missions or rescues and 
performing in operational or 
deployment environments, 
including underwater 
environments. Welder’s two-
week course in diving and 
emergency preparedness for 
military medical professionals 
was immersive in both senses of 
the word.

While the course focused 
on diving and underwater 
emergencies, its benefits have 
a scope above and beyond 
the ocean. “If you can do a 
neurocognitive exam on the 
back of a boat or quickly 
develop a life-saving differential 
diagnosis while pulling a 250-
pound diver through the ocean, 
you know you can do it in a 
hospital,” explained Dr. Eric 
Meyer, a USU assistant professor 
and Air Force major who took 
Welder’s course. “Learning the 
fundamentals of dive medicine 
pushes all providers to a higher 
level of clinical care, which 
translates to improved care in 
any setting.”

On the last day of the course 
after the final exam and the 
after-action review, faculty and 
participants reflected upon their 
training experience. DeBevoise, 
whose presence provided 
inspiration and motivation 
for the students throughout 
the training, quietly stood 
by, listening as faculty and 
participants shared their after-
action comments. 

“When it comes to readiness, 
this course did more than just get 
your feet wet,” Welder told the 
group. “It is a reminder of what 
you’re preparing for: to stand 
ready to protect our women and 
men, like Sean, who risk their 
lives for our nation.” AD
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I
n the mid-1980s in the shallow waters of the Florida Keys, just a 
mile from Lower Matecumbe Key, archaeologist Charles Beeker and 
biologist Bill Ruf first teamed up to work on the shipwrecks San Pedro 
and San Felipe. Their research, which emphasized the protection 
of both the submerged cultural resources and their associated 
biodiversity, provided the basis for the establishment of the San Pedro 

Underwater Archaeological Preserve and was instrumental in the establishment 
by the National Oceanic Atmospheric Administration (NOAA) of the Florida 
Keys National Marine Sanctuary Shipwreck Trail. Thirty years later, in the 
summer of 2018, Beeker and Ruf are still returning to the San Pedro and San 
Felipe wrecks, and they are still preaching the same message of preservation 
— that the creation of underwater parks is paramount to preserving the finite 
cultural and biological resources of our oceans for future generations. 

THE 1733 NEW SPAIN FLEET
The New Spain fleet under the command of Don Rodrigo de Torres left Havana 
Harbor on Friday, July 13, 1733, to return to Spain with treasures from the New 
World. Encountering a hurricane passing through the Florida Keys the next day, 

THE 1733 SHIPWRECKS 
OF THE FLORIDA KEYS
EXPLORING THE SITES’ CULTURAL PAST AND 
ENVIRONMENTAL PRESENT
By Samuel I. Haskell

Beginning in the 1940s 
treasure diving became an 

industry in the Florida Keys. 
The shipwreck HMS Winchester 

sank in 1695 off Key Largo’s 
Carysfort Reef and was the 
subject of a 1941 National 

Geographic story about salvors 
raising the 54 cannons from 

the wreck. The Atocha was 
the most famous and richest 

shipwreck in the Keys, 
discovered by Mel Fisher in 
1985 off Key West. But off 
the Upper Keys, the 1733 
shipwreck fleet was most 

notable; in 1952 Art McKee 
obtained the first official state 
of Florida underwater salvage 
lease to work a large portion 
of the Upper Keys. He was 

very successful and eventually 
built a large museum on the 
Overseas Highway to display 
all the treasure and artifacts 

he found on these wrecks. 
The artist, Wilhelms, was not 
a diver, but he donned diving 

gear and went underwater once 
to observe McKee salvaging the 

wreck for this 1954 painting. 
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the fleet was unable to turn back 
to Havana; most of the fleet 
was scattered and sunk along 
80 miles of Florida coast in one 
of history’s most devastating 
maritime disasters. 

Since the early 1960s divers 
have successfully located most 
of the wrecks associated with 
the 1733 fleet. Unfortunately 
the archaeological integrity 
of many of these shipwrecks 
has been damaged by treasure 
hunting and looting. Beeker, an 
archaeologist and director of the 
Center for Underwater Science 
at Indiana University, explained, 
“These shipwrecks are important 
time capsules of human history, 
and it is the responsibility of 
both archaeologists and sport 
diving communities to instill an 
appreciation for these fragile, 
nonrenewable resources.”

SAN PEDRO UNDERWATER 
ARCHAEOLOGICAL 
PRESERVE
Indiana University (IU) and 
Florida State University (FSU) 
collaborated in the summer of 
1988 to assess the 1733 shipwreck 
sites as potential candidates for 
the creation of a new marine 
protected area (MPA) that 
would protect the site as both 
an archaeological preserve and 
public shipwreck park. After 
looking at several different 1733 
shipwreck sites, the researchers 
chose the San Pedro as the 
best prospect for the creation 
of the San Pedro Underwater 
Archaeological Preserve. 

In April 1989 the San Pedro 
Underwater Archaeological 
Preserve officially opened to 
the public. The San Pedro’s rich 
history and biodiversity, as well 
as its close proximity to the state 
parks on Lignumvitae Key and 
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Clockwise from top left: The ballast pile of the San Felipe is articulated and relatively intact. Indiana University divers 
relocate the previously lost Cannon #5 on the San Pedro after it was uncovered by Hurricane Irma. Professor Beeker points 
out trunnels (or treenails) on newly exposed hull remains of the San Felipe. These cannons are from the San Pedro, one of 
the oldest artificial reefs in the Florida Keys and a haven for biological growth and fish life.
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Indian Key, make the park a popular attraction for 
snorkelers, diving charters and sportfishing guides. 

SAN FELIPE: A GALLEON FROZEN IN TIME
Less than a mile from the San Pedro’s busy park is 
the silent resting place of the San Felipe. Sitting on 
deck after a dive on the San Felipe, watching the 
heavy boat traffic around the San Pedro, you can 
imagine the chaos of July 14, 1733, unfold as the crew 
of the San Felipe watched the San Pedro sink while 
desperately fighting to avoid the same fate.

Unlike the San Pedro, treasure hunters have only 
minimally affected the San Felipe (also known as 
the El Terri). The original surveys by Beeker and IU 
colleagues in the 1980s show not only that the San 
Felipe had intact and exposed wooden timbers but 
also that the ship’s ballast pile was intact. The San 
Felipe’s articulated ballast stones provide a stable 
substrate for coral growth, and the ship’s relatively 
undisturbed remains make it an ideal example of an 
early 18th-century shipwreck.

30 YEARS OF RESEARCH
Beeker and his team of researchers are currently 
partnering with the Florida Keys National Marine 

Sanctuary (FKNMS) to return to these sites and 
examine both human and environmental impacts 
over time on the cultural and biological resources 
of the 1733 shipwrecks. IU has worked closely with 
NOAA over the past 30 years to document and 
monitor these sites. These comparative data are of 
paramount importance to tracking changes in these 
historic underwater resources. 

“We have to know what we had in order to fully 
understand what we have,” Beeker said. Reviewing the 
data from 30 years of monitoring gives IU and NOAA 
researchers invaluable perspective on managing these 
important resources. 

This summer Beeker assembled a multidisciplinary 
team of researchers, including IU geologist Claudia 
Johnson and NOAA archaeologist Matthew 
Lawrence, to revisit the San Pedro and San Felipe and 
continue the longstanding research and collaboration 
with the FKNMS. 

18TH-CENTURY SHIPWRECKS, 
21ST-CENTURY TECHNOLOGY
Current research by IU and NOAA on the San 
Pedro and San Felipe uses a relatively new and 
exciting technique called structure-from-motion 
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photogrammetry. The core idea behind this technology 
is that with enough 2-D pictures of an object or area, 
specialized computer software can stitch together 
those images and create a 3-D model. The resulting 
3-D models are highly accurate, usually to within less 
than a centimeter of error.

This new technology allows divers to quickly and 
comprehensively document an entire shipwreck  
site, leaving more time for researchers to study  
minute changes in the site from year to year. After 
Hurricane Irma in 2017, devastation to coral reef 
ecosystems throughout the Florida Keys was widely 
documented and apparent, but the storm’s impact on 
cultural resources and their preservation was  
less obvious.

One of the most noticeable changes to these 1733 
shipwreck sites after the storm was the uncovering 
of a large amount of previously undocumented hull 
remains on the San Felipe. Researchers mapped and 
plotted the exposed wood timbers using computer vision 
photogrammetry, and the findings could reveal important 
clues about the San Felipe’s construction and fate.

The IU and NOAA team also rediscovered one of 
the replica cannons on the San Pedro that was lost 

in the sand after Hurricane Andrew in 1992. Strong 
currents and storm-force waves from Hurricane 
Irma uncovered the lost Cannon #5, which IU divers 
relocated to the park site in 2018.

LOOKING TO THE FUTURE
“One of the most pressing environmental concerns of 
our time is the deteriorating health of Earth’s natural 
ecosystems under a warming climate,” explained 
Johnson, an evolutionary paleoecologist and associate 
director of IU’s Center for Underwater Science.  
“We are beginning to cause irreversible damage to  
the cultural and biological resources of our planet’s 
oceans. It is of the utmost importance to have 
historical comparative data to track changes to these 
underwater resources.” 

Beeker, Ruf, Johnson and IU’s Center for Underwater 
Science are still fighting for proper protection and 
management of archaeological sites such as the 1733 
wrecks San Pedro and San Felipe and their associated 
biological resources. The researchers hope this work 
will not only improve the way we interact with the 
natural underwater world but also preserve the sites 
for future generations. AD
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MELTING DOWN 
THE ONGOING MYSTERY OF  
SEA STAR WASTING DISEASE
Text by Allison Vitsky Sallmon, DVM; 
photos by Andy and Allison Sallmon

Regular surveys by 
scientists and citizen 
scientists are critical to 
understanding patterns 
of sea star populations 
and health.
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M
any West 
Coast 
divers 
weren’t 
aware of 
the change 

that was taking place in our waters 
in the summer of 2013, but Katie 
Kozma, a training coordinator 
for Reef Check California, 
almost immediately noticed a 
difference. She had learned to dive 
in San Diego’s local kelp beds, and 
she had a particular fondness for 
starfish; she looked forward to 
seeing their hues as she descended 
for her underwater surveys. 

“Those colors always centered 
me. But one day I looked down 
during my descent, and the starfish 
were just gone,” she said. “Months 
before, there had been so many 
that I had to extrapolate numbers 
based on a portion of my survey 
area. And now I was looking into 
holes and crevices, hoping to count 
a single one. I knew something was 
really, really wrong.”

She was right. Starfish up and 
down the West Coast of North 
America had begun to disappear, 
victims of an enigmatic syndrome 
referred to as sea star wasting 
disease (SSWD). Although 
Kozma’s trained eye recognized the 
issue right away, it may not have 
been obvious to most recreational 
divers, even those who spend a lot 
of time in the water, because the 
progression of SSWD is incredibly 
rapid. Initial symptoms — a 
deflated appearance and lesions 
within the ectoderm — bear 
resemblance to numerous other 
afflictions, so they can go largely 
unnoticed. But once the disease 
process begins, it’s followed 
within days by tissue decay and 
disintegration. 

Imagine you’re diving a reef 
one week, admiring the prolific 
life encrusting the rocks — 
sponges, sea fans, starfish and 

other invertebrates — and two 
weeks later you return to the 
same site and poof, the starfish 
are all gone, and everything else 
is unchanged. Many divers were 
unaware of the extent of the 
situation until they noticed, as 
I did, an almost unrecognizable 
starfish that seemed to have 
melted into the seafloor.  

But numbers don’t lie. Although 
subtidal (diver) observations 
tended to be anecdotal, intertidal 
(tidepool) surveys allowed 
for systematic collection of 
quantitative data along the West 
Coast, leading to formal detection 
of the disease in Washington 
State in mid-2013. Ochre stars, 
the most common species in the 
habitat, were the first noticed to 
be affected, though it wasn’t long 
before news of other affected 
species in other locations along 
the coast began to trickle in, 
followed by diver accounts of the 
rapid disappearance of sunflower 
stars. Alarmed scientists within 
the Multi-Agency Rocky Intertidal 
Network (MARINe), a consortium 
of 18 monitoring groups, rapidly 
organized a collaborative project 
centered on starfish health. 
Utilizing both researchers and 
citizen scientists, they worked to 
track the extent and progression 
of the syndrome at more than 200 
intertidal and subtidal sites. They 
estimate that 23 sea star species 
have been affected.   

It’s critical to understand 
that while wasting syndromes 
affecting starfish had occurred 
before, this event was quite 
different; never had such a massive 
die-off affected such a huge 
geographic area. Melissa Miner, a 
scientist with the rocky intertidal 
monitoring group at the University 
of California, Santa Cruz, for more 
than 20 years, emphasized that the 
current phenomenon warranted a 
swift, coordinated response. “Prior 
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outbreaks were cyclical, patchy 
and almost always associated with 
warm-water episodes,” Miner 
said. “This outbreak, however, 
was coastwide and wasn’t 
primarily dependent upon water 
temperatures. One of the worst 
die-offs during the recent outbreak 
occurred in Santa Barbara in the 
wintertime, for instance, when the 
water was relatively cold.” 

Other single influences, such 
as density of starfish species or 
viral infection, have been shown 
not to be definitively associated 
with the current syndrome on a 
widespread basis. “Right now,” 
Miner said, “we and many other 
scientists believe that the cause of 
the outbreak was multifactorial.”  

 The absence of sea stars is 
a bigger deal than you might 
imagine — they’re far more 
than just picturesque reef 
inhabitants. Starfish are voracious 
hunters, with some species 
considered keystone or dominant 
predators; in other words, losing 
starfish for an extended time 
would almost certainly have major 
consequences on the ecosystem. 
Their prey includes numerous 
creatures such as whelks, 
barnacles, mussels and sea urchins. 
In the absence of a key predator, 
prey populations can propagate 

unchecked, sometimes resulting in 
devastating secondary outcomes.     

Although numbers of certain 
species such as ochre stars have 
rebounded in some areas, numbers 
of others, such as sunflower stars, 
remain extremely low. Recent 
reports indicate new observations of 
SSWD-affected sea stars of multiple 
species (ochre and sunflower among 
them) in Washington and British 
Columbia as well as sightings of sick 
bat stars in Southern California. 
Miner wonders if it might be 
necessary to evaluate affected sea 
stars on a species-by-species basis in 
the future. 

“If there’s one good thing that 
came out of this issue,” Miner said, 
“it’s that we really got organized 
in terms of collaboration. Having 
access to long-term monitoring 
data prior to an outbreak provides 
historical context and may help 
shed light on future patterns. It’s 
our best means of assessing the 
impact of this disease.”  

HOW YOU CAN HELP
Learn more at seastarwasting.
org, which has links to the current 
tracking map, an observation 
log web form, ID guides and 
information about the citizen science 
groups contributing data. Submit 
your own observations today. AD

From left: The 
remains of a starfish 
appear melted into 
the sea floor in 
Channel Islands 
National Park. A 
bat star shows 
ectodermal lesions 
consistent with sea 
star wasting disease.

http://www.seastarwasting.org
http://www.seastarwasting.org
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Hometown: Youngstown, Ohio 
Years diving: 52 
Favorite destination: Papua New Guinea 
for the spectacular, pristine diving, and 
Grand Cayman, because the reef is so 
accessible
Why I’m a DAN member: Why would I not 
be a DAN member? Every diver should be 
a DAN member for the great magazine, 
interesting articles and insurance 
protection on any dive trip. Having DAN 
membership and insurance should be a 
requirement to go on any dive boat.

SALLY BAUER
By Sarah Egner D

r. Sally 
Bauer, an 
accomplished 
diver, aquarist, 
marine 
biologist, dive 

historian and physician, almost 
did not survive her first water 
encounter. When Bauer was 5 
years old, she and her 7-year-
old brother decided to explore 
the strip mines in their rural 
Ohio backyard. The two saw a 
mattress floating on top of the 
water in the mine and with the 
wisdom of children decided it 
would make a great boat. They 
hopped aboard, pushed off and 
quickly ended up in the water. 
Bauer, who could not swim, 
credits her brother for saving her 
life that day as he towed her back 
to shore. She took swim lessons 
the following summer. 

The curiosity and adventurous 
spirit of that little girl never left; 
without it, Bauer surely would 
not have accomplished all that 
she has thus far in her lifetime. 
Her adventures in, on and under 
the water continue to this day.

She began diving after meeting 
Dr. Joe Bauer, an avid diver who 
later became her husband. To 
escape the stress of her work as 
an emergency room physician 
in Ohio, they would go on dive 
vacations. They traveled around 
the world, but a favorite dive 
destination was the Florida 
Keys. The Bauers established 
the Saltwater Aquarium Society 
in Ohio, became experts on 
angelfish spawning, published 
30 years of underwater research 
and opened the History of Diving 
Museum, to name a few of their 
accomplishments.

The couple wanted to have 
part of the underwater world 

with them when they returned 
to Ohio after a dive vacation, so 
the Bauers became aquarists. 
What began as a hobby quickly 
became much more. At one 
point the couple had 40 saltwater 
aquariums in their home. One 
room was dedicated to fish and 
fish rearing. For four years Bauer 
was the editor and publisher of 
the Saltwater Aquarium Society’s 
magazine, which focused on the 
art of keeping fish. She is the 
first person to raise clownfish 
and peppermint shrimp in an 
aquarium. The technique Bauer 
developed in the 1970s is still 
used today.

They were especially interested 
in fish spawning and published 
work on the reproductive 
behavior of angelfish. “I know  
a lot about sex underwater,” 
Bauer explained. 

Starting with a single helmet, 
the Bauers began collecting dive 
artifacts. They were at an antique 
shop that Bauer described 
as “more like a junk store” in 
Miami when they spotted the 
helmet. “We thought it would 
be a nice conversation piece 
for our living room,” she said. 
With that one purchase they 
caught “an incurable disease: 
the diving collecting bug,” and 
their collection quickly grew. She 
explained that internet sites such 
as Ebay have changed the game 
now and made collecting less 
exciting for people like her who 
enjoy the hunt. 

Every piece the Bauers 
collected has a memory 
associated with it. The couple 
became experts on hard-hat 
diving due to the amount of 
historical research they did with 
each item purchased. Bauer, 
who has worn underwater every 
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helmet in the collection, says, “It’s a real buzz to wear 
that old gear.” In 1980 they wrote a chapter about dive 
helmets in The Pictorial History of Diving. The chapter 
piqued the interest of other dive historians, and the 
Historical Diving Society was founded as a result. 

Eventually, they started to consider what to do with 
their unique, historical collection. They always planned 
to retire in the Florida Keys, so after finding the perfect 
site for a museum, they opened the History of Diving 
Museum in Islamorada, Florida, in 2005. 

The list of Bauer’s accomplishments in the dive 
community is impressive. She was the first woman 
to dive in the British Royal Navy training yard in 
Portsmouth, England. She was inducted into the 
Women Divers Hall of Fame in 2011 and has served 
as a trustee since 2014. In November the Academy of 
Underwater Arts and Sciences will present Bauer with 
its prestigious NOGI award, which has been likened to 
the Oscars of the ocean world. Despite her impressive 
history of accomplishments, Bauer remains humble. 

She is honored to be recognized among communities 
that include people such as Sylvia Earle and the late 
Eugenie Clark. “They make history, I just tell it,” Bauer 
said. She had to admit, however, that she tells it well, 
and she has many more stories to tell as she continues 
to expand the museum.

The nonprofit History of Diving Museum is more 
than just a collection of interesting artifacts; it tells a 
story that began 5,000 years ago and continues today as 
scuba diving technology advances, she explained. The 
museum offers events and lecture series throughout 
the year and currently has a traveling exhibit focused 
on technical diving. 

When visiting the Florida Keys, heed Bauer’s advice: 
“Don’t drive by, dive in. Dive into history.” While there, 
ask her for the story about any piece in the collection. 
The adventurous spirit of the little girl who barely 
survived her fist swim will be readily apparent when 
she regales you with stories of the sea and the history 
it contains. AD

Clockwise from top left: History of Diving Museum founders Sally and Joe 
Bauer present at an awards dinner in 2006. Dr. Bauer reviews X-rays with a 
young patient in 1983. Bauer stands with a chromed Morse helmet in the 
museum’s Diving History Research Library. Bauer submerges wearing an 
Aqua Bell helmet from the 1970s.
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I
f you’ve traveled during the holidays, 
you know that what a frustrating and 
stressful experience it can be. Some 
things you can’t control: the interminable 

line at airport security, hours-long standstill 
traffic as you try to drive through a major city 
or arriving in Florida to find out your luggage 
is somewhere over Kansas. What you can do 
is make extra preparations to ensure your trip 
won’t be derailed.

While you are likely to encounter a higher 
volume of travelers and possibly inclement 
weather, here are some considerations 
for planning and preparation that help 
mitigate common holiday travel woes.

PREPARATION
Do a little research when you’re booking 
flights. Finding the best fares and the 
easiest airports to travel to and from as 
well as likely delays of certain routes and 
flights can save you time and money. It 
might be worth paying a little extra for a 
direct flight or scheduling a long layover to 
avoid missing a connecting flight. 

Hitting the road? While you can’t predict 
everything that may happen, being prepared 
with food and water, a first-aid kit and some 
emergency supplies (flashlight, road flares 
or reflectors, a few blankets, etc.) will help 
in case of severe weather, car problems or 
an accident. Preparing your vehicle prior to 
your trip — having a fully inflated spare tire, 
up-to-date maintenance and everything in 
good working order — will limit the risk of 
having to hit the brakes on your trip.

However you travel, get your travel 
vaccinations (if applicable) and bring 
extra medications, a basic travel first-
aid kit, address tags (placed both inside 
and outside your luggage) and your DAN 
membership information — it’s better to 
have them and not need them than to need 
them and not have them.

TIME TO TRAVEL
When departure day arrives, you’ll have a 
much better start if you are rested. Get up 

early enough to not be in a rush leaving 
your house and with enough time to get to 
the airport even earlier than usual if you are 
flying. Taking healthy snacks can keep you 
energized and help you avoid the high cost 
of airport food. The Transportation Security 
Administration has a helpful list of what 
you can bring in checked and carry-on bags 
at TSA.gov/travel.

If you have a long wait, dress 
comfortably and walk around or stretch. 
You’ll feel better when you have to sit 
in an airplane seat for a long period of 
time, and you’ll lower your risk for deep 
vein thrombosis, a potentially dangerous 
condition for some people that can be more 
likely when sitting for long periods of time. 

If you are bringing gifts, don’t wrap them 
if they are in your luggage — you may find 
them unwrapped after they have been through 
security — or try to ship them ahead if 
possible; you might save money and prevent 
the disappointment of a broken present. 

For parents traveling with children, 
especially young ones, do whatever you 
can to make things easier while you are 
traveling. For most days of the year your kids 

eat balanced meals and avoid too much 
screen time, so don’t beat yourself up about 
throwing out the rules for a few hours. It 
might keep down the stress levels for you, 
your child and your fellow passengers.

LET DAN HELP
As a DAN® member, you are already enrolled 
in DAN TravelAssist. If you are 50 miles or 
more from home, whether you are diving 
or not, we can help you with medical 
expenses, prescription assistance and even 
medical evacuations. Do you need to send 
an emergency message, get a cash advance 
for a medical emergency or recover lost or 
stolen items? Get help by calling the DAN 
Emergency Hotline at +1 (919) 684-9111. 
Find out more at DAN.org/TravelAssist.

Consider insuring your trip. DAN 
Travel Insurance offers coverage for 
medical expenses, trip cancellations and 
interruptions, and lost or delayed baggage 
— on an annual basis or for a single trip. 
Learn more about DAN Travel Insurance at 
DAN.org/Travel.

Happy holidays and safe travels from all 
of us at DAN.
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PUBLIC SAFETY ANNOUNCEMENT

T
he importance of scene safety in 
emergency situations is emphasized 
endlessly to first responders and 
health-care personnel around the 

world, but nonprofessional rescuers all too 
often overlook or forget about it. The single 
most important rule in emergency response 
is to avoid creating additional victims. 

Whether that means pausing to assess 
the sea state before swimming to an injured 
diver or refusing to enter a tank storage 
room that has caught on fire, you have a 
duty to put your safety first. The concept of 
scene safety is not about heroism or concern 
for self; it’s about doing the greatest good 
possible for the most people. If you become 
injured while attempting to render aid, fewer 
people will be able provide help and more 
will need attention and resources that could 
have been used to help the original victim(s). 
The results of well-intentioned heroism can 
be both tragic and catastrophic. Here are 
some tips to keep in mind the next time 
you’re faced with an emergency.

REACH OR THROW, DON’T GO
The U.S. military, the American Red Cross and 
first responders worldwide are adopting a new 
adaptation of a well-known recommendation 
to “reach or throw, don’t go.” The concept is 
simple: If a person in the water is in trouble, 
you should attempt to reach the victim from 
safety with an outstretched hand or any 
sufficiently long object or throw a flotation 
device to the person but not get in the 
water to attempt a rescue unless you are 
appropriately trained and equipped. 

BE AWARE OF YOUR SURROUNDINGS
Real emergencies have a way of giving even 
the best-trained responders tunnel vision. 
Lay people and professional health-care 
providers alike may fail to slow down and 
honestly assess the scene of an emergency 
before proceeding to care for the injured. 
Wherever you are when an injury occurs, 
stop, take a few breaths, and do a full 
360-degree sweep of the area — it might 
just save your life. 

PROTECT YOURSELF
We all should have personal protective 
equipment (PPE) in our first-aid kits and 
readily available at our dive sites. These 
gloves, face masks and other items are 
essential for preventing contact with bodily 
fluids and, perhaps, diseases. PPE is one 
of the least exciting but most essential 
aspects of emergency preparedness. With 
gloves and masks as cheap and readily 
available as they are, there’s no excuse for 
not keeping yourself safe.

SCENE SAFETY

A
s your dive safety association, 
DAN® is committed to sharing 
our accumulated knowledge and 
offering our courses to as many 

divers as possible. When it comes to first-
aid and safety education and training, 
our goal is to make the information easily 
accessible and maximize your in-person 
instructional time. Whether you are a diver, 
dive instructor, health-care provider or 
someone who simply wants to improve your 
skills, there is a DAN e-learning course full 
of valuable information for you.

Our first-aid courses cover the latest 
standards and underlying science of 
basic life support, emergency oxygen 
administration, neurological assessment, 
dive emergency management and hazardous 
marine life injuries. Students may be 
scientific divers, public safety divers or 
people who simply enjoy diving, swimming, 
hiking or various other sports and activities. 
After completing the online portion of a 

course, students practice the knowledge 
section in a hands-on environment with a 
DAN Instructor. With students finishing the 
theory portion through e-learning, instructors 
will have more time to create a simulation 
of an incident to test practical application 
in the most authentic environment possible 
(outside of an actual emergency). 

The Diving First Aid for Professional Divers 
(DFA Pro) course is designed for commercial, 
professional and scientific divers as well as 
aquarium staff and volunteers. The e-learning 
portion of this course combines elements 
of many of our other first-aid courses but 
goes into greater detail. DFA Pro, which 
is rigorous enough to meet the U.S. Coast 
Guard’s requirements for captain and mate 
licenses, is widely used by organizations such 
as Sea World, the Smithsonian Institution 
and the National Oceanic and Atmospheric 
Administration (NOAA). 

In addition to first-aid courses, DAN offers 
the Prepared Diver Program, which focuses 

on fundamental diving skills to prevent the 
most common causes of dive injuries. From 
a computer, tablet or phone, students learn 
about setting appropriate limits, being aware 
of their air, paying attention to their ears, 
controlling buoyancy, ascending safely and 
properly preparing for a dive. New divers, 
experienced divers wanting to improve their 
skills and dive instructors looking for a 
resource for their students can all benefit 
from the information. 

DAN is also in the process of adapting our 
large collection of online seminars and video 
lectures to an e-learning format so we can 
increase the availability of talks on topics such 
as remote management of decompression 
sickness (DCS), medical fitness for diving, and 
emergency action plans. 

To learn more about our available 
e-learning courses, visit DAN.org/training.

PROGRAM SPOTLIGHT

DAN E-LEARNING COURSES
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I
f you were a blenny living in a hole, how 
would you attract a mate? Anna discovered 
a delightfully surprising answer this past 
spring while hunting blennies along the wave-
battered shoreline encircling Triton Bay in 
West Papua, Indonesia. To be more precise, 

she solved the mystery for a few species of combtooth 
blennies — the cute, clunky, half-finger-long, muppet-
faced algae eaters she found hunkered down inside 
urchin holes bored just below the tide line.

I wasn’t surprised to see Anna and a friend head 
toward the shallows on our first dive of the trip after 
our recent visit with Phil Hastings, a blenny behaviorist 
at Scripps Institution of Oceanography in La Jolla, 
California. During the stopover, Hastings showed us 
a video revealing a wide range of blenny courtship 
displays — part of his work involves cataloging the 
behaviors to better understand the evolutionary history 
of the Blenniidae family. Inspired, Anna sailed into 
Triton Bay with serious blenny hunting on her mind.

Finding and photographing blennies in the surge has 
more in common with mud wrestling than reef diving, 
but Anna always wants pictures when she is on a mission. 
After lunch, when she mentions finding something special 
along the shoreline, I wince and begin making excuses. But 
this time she is ready with her laptop keyed to a piece of 
footage she shot that morning. The 10-second sequence 
follows the leap of a distinctive two-tone blenny with its 
fins spread — an impressive feat for a hydrodynamically 
challenged bottom dweller without a swim bladder. 

“It’s a throatspot blenny,” Anna blurts out. “Bet you 
didn’t recognize it. It sure doesn’t look anything like the 
ones we’ve been finding. Must be one of Dr. Hastings’ 
courting males begging for eggs. What do you think?” 

With color change, water-column acrobatics and the 
intrigue of sexual selection rolled into one, it’s right up 
my alley. “I’m all in,” I answer, cavalierly disregarding 
the bruises my body is about to sustain. 

Laying eggs in nests prepared, tended and guarded 
by males is common practice for small female reef 
fishes — primarily damselfishes, gobies and blennies. 
When hormones seasonally surge through blenny 
populations, egg-laying females — always in short 
supply — make competition fierce. Some males bob 
incessantly to get attention, while others lunge, nudge, 

flare oversized fins or bite; but none of these tactics 
compare to the pure bravado of signal jumps. 

Three days pass before the seas settle enough for us 
to tackle the shallows. We bail out of the skiff shortly 
after sunrise when egg layers are most active and just 
arrive at a tumble of boulders when Anna waves us over 
and points to a small hole with a black head sticking 
out. The next thing we know we’re lifted off the rock 
and swept seaward. After regaining control and taking 
a couple of deep breaths, we ride a swell back to shore 
just in time to see a throatspot blenny fly high off the 
bottom. Wedging in a crevice to thwart the swells, we 
begin to see others across the rock face pop out of their 
holes like pistons. At the pinnacle of each jump, males 
pause in suspended splendor for two, maybe three, 
seconds before turning tail and diving for cover.

Bright colors and conspicuous displays that 
demonstrate a male’s fitness have both costs and benefits. 
How they play against each other under the competing 
influences of natural selection and sexual selection is the 
dickens to figure out. For a small fish, leaving a hiding 
hole is life-threatening business. At the same time, 
willfully darting up into open water and wearing eye-
catching colors fly in the face of natural selection. As the 
thinking goes, the daredevil behavior evolved to either 
intimidate rival males with prowess or entice females to 
nests with beauty — then again, it could be a means of 
demonstrating the safety of a spawning site, or all of the 
above. Whatever the reason, the performance seems to 
work, especially for larger males, which seem to always 
attract multiple females on multiple days. 

Over a string of semicalm mornings, Anna and I 
track blennies in shallower and shallower water until 
we’re swimming with our eyes above the surface like 
hippos with 35-pound cylinders on our backs. Our 
amphibious assaults lead us to a group of combtooth 
blennies known as lipsuckers, basking together on the 
surface of seaside rocks kept moist by ocean spray. 

Our blenny-fest doesn’t miss a beat when we sail west 
into the Banda Sea. Instead of hunting the shoreline, 
we explore shallow coral gardens on alert for the red-
streaked blenny — a beefy, 5-inch beauty that builds egg 
burrows in rubble patches adjacent to living coral. Once 
again, Anna rises to the occasion, this time finding a 
leaping red-streaked blenny turning green for love. AD

LEAPING FOR LOVE
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Clockwise from top left: A male throatspot 
blenny is hunkered down in its hiding 
hole. A male red-streaked blenny displays 
its normal color pattern. A signal-jumping 
male red-streaked blenny (Cirripectes 
stigmaticus) displays dramatic courtship 
colors. A male throatspot blenny 
(Nannosalarias nativitatis) signal jumps.
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S
ince the late 1800s, exercise has been known 
to contribute to the well-being of the body 
and the mind. With a protective effect on 
the brain, it has been demonstrated to 
be more effective than antidepressants at 

relieving depression (and preventing relapse). While the 
combination of type, intensity and volume of exercise 
needed for optimal brain function is unknown, we do 
know the following:

• Increased blood flow to the brain seems to 
contribute to improved brain function as we age. 

• Mental stimulation improves brain function.
• Crossing the body’s midline is regularly integrated in 

early developmental activity for brain development. 
• Staying connected socially correlates with a reduced 

risk of dementia. 

Promote brain health by exercising often, maintaining 
an elevated heart rate, doing complex exercises 
involving movements that cross the midline and 
exercising with a friend. 

The following exercises can benefit both your mind 
and body. A fit body and sharp mind are important 
for everyone and are particularly useful for divers. 
Start with a single set of each exercise, with the goal of 
progressing to three consecutive sets. Morning is the 
best time to exercise to keep your brain sharp for the 
day, but any time is better than not at all.

SIDE LUNGE WITH UPRIGHT ROW
Complete 12 repetitions on each side per set.
1. Stand with your feet shoulder width apart, and hold 

a dumbbell down in front of you in one hand. 

2. Step laterally on the nonweighted 
side while keeping your feet facing 
forward. Shift back your hips, and 
maintain a flat back (never round 
your back). During the lunge, sit 
back, leaving the leg on the weighted 
side straight and bending your knee 
on the nonweighted side. Place 
the hand with the weight near the 
ground in front of the bent knee.

3. While returning to the starting 
position, row by pulling the weight 
upward, leading with the elbow as 
you stand. End with the elbow level 
with the shoulder. 

4. Lower your arms to return to the 
starting position.

Tip: Sit back into the lunge so your body 
weight is in the heel of your bent leg.
Challenges: Go deeper into the lunge, 
and gradually increase the weight.

DUMBBELL WINDMILL
Complete five repetitions on each 
side per set.
1. While holding a dumbbell in 

one hand, start with your feet 
slightly wider than shoulder 
width apart and your toes 
pointing slightly toward the 
nonweighted side.

2. Raise the arm with the 
dumbbell straight up.

3. Push your weight and hips back 
while looking up at the arm 
that is raised. 

4. Bend at the waist, sliding your 
nonweighted arm down the 
front of your leg while looking 
at the raised arm.

5. Return to the starting position.
Tips:
• Move slowly, and listen to your body.
• Do not force your range of motion (ROM).
• Bend your knee slightly on the side without weight, if 

necessary. 
Challenges:
• Gradually increase your ROM, moving your hand 

farther down your leg.
• Gradually progress to using heavier weights.

Text by Jessica B. Adams, Ph.D., 
and Jaime B. Adams, M.S., C.S.C.S
Photos by Stephen Frink

COMPLEX EXERCISES 
FOR THE BODY 
AND BRAIN
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To avoid an increased risk of decompression sickness, DAN® recommends that divers avoid strenuous exercise for 24 hours after making a dive. 
During your annual physical exam or following any changes in your health status, consult your physician to ensure you have medical clearance to dive.

T PLANK
Complete 15 repetitions 
per set.
1. Start in the push-up 

position, with your 
hands directly under 
your shoulders.

2. Straighten one arm 
while lifting the other 
toward the ceiling by 
twisting your hips and 
shoulders.

3. Hold for 15 seconds.
4. Repeat on the opposite side.
Tips:
• You can start in modified push-up position (on knees 

instead of toes).
• Make sure you contract your abdominals to stabilize 

your core throughout the exercise.
Challenges:
• Raise your upper leg when in T-position.
• Increase the hold time to 30 seconds.

SQUAT TO CURTSY SQUAT
Complete 15 repetitions per set.
1. Stand with your feet wider than 

shoulder width apart, and hold a 
dumbbell in one hand.

2. Sit back into a traditional squat, 
keeping your weight in your heels 
and your chest up.

3. Return to standing position.
4. Using the leg that’s on the same 

side as the dumbbell, step back and 
across into a curtsy.

5. Drop down, keeping your weight 
balanced on your front heel while 
maintaining an upright position. 

6. Return the rear foot to the starting 
position, keeping the upper body tall. 

Tips:
• Start without a weight.
• Start with a less pronounced cross 

on the curtsy by putting your curtsy 
foot directly behind your front foot 
in a more traditional lunge position.

Challenges:
• Gradually progress deeper into  

the curtsy.
• Gradually progress into a more pronounced curtsy.

DUMBBELL LUNGE 
WITH A TWIST
Complete 12 repetitions on each 
side per set. 
1. Stand with your feet wider than 

shoulder width apart, and use 
both hands to hold a dumbbell 
out in front of you.

2. Step forward into a lunge, and 
rotate the dumbbell away from 
the extended leg.

3. Keep both knees at right angles 
while maintaining an upright 
position.

4. Return the dumbbell to center 
while pushing back and up into 
the starting position, using a 
controlled motion. 

Tip: Practice with no weight to learn 
the movement.
Challenges:
• Perform a deeper lunge. 
• Increase the repetitions. 

PUSH-UP KNEE 
CROSS TO ELBOW
Complete six 
repetitions on each 
side per set. This 
is a challenging 
exercise, so adjust the 
repetitions as needed 
to ensure proper form. 
1. Start in the push-up 

position, with your 
hands directly under 
your shoulders.

2. Lower your body 
toward the ground 
while keeping your 
elbows close to your 
rib cage.

3. Rotate your hips, 
and bring the opposite knee to the opposite elbow.

4. Return to the starting position while keeping your 
back flat and abdominals tight.

Tip: Maintain a flat back, keeping the hips in a straight 
line from the head to toes. 
Challenge: Hold the knee-to-elbow position for a 
static 10 count. AD
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S
ince the gargantuan Laurentide Ice Sheet 
retreated north at the end of the last great 
ice age, exposing modern-day New York 
and Vermont, humans have lived alongside 
and traveled upon the waters of what 
would become known as Lake Champlain. 

A long, narrow body of water oriented north to south, 
it’s the eighth-largest naturally occurring freshwater lake 
in the continental United States. Its furthest reaches 
stretch from Whitehall, New York, more than 120 miles 
north across the Canadian border. Despite its length, 
Champlain is only 12 miles across at its widest point, 
but it would be a mistake to let its diminutive width 
belie its historical importance. 

Before European settlement, Lake Champlain served 
as a border between the Native American tribes of the 
Iroquois to the west and the Abenaki to the east. After 
the European arrival, it became an important strategic 
waterway during both the Revolutionary War and the 
War of 1812, connecting Quebec in the north to the 
Hudson River in the south by way of natural and man-
made routes. It now defines the border between New 

York and Vermont, and most of the water traffic that 
floats upon its surface is recreational. With so much 
maritime history, it’s easy to see why many artifacts are 
hidden in the emerald waters. More than 300 shipwrecks, 
many of significant historical importance, can still be 
found in the depths of Lake Champlain.  

Burlington, Vermont, is located about halfway up 
the lake on its eastern shore, a three-hour drive from 
Albany, New York. A bustling yet quaint New England 
city, Burlington has served as a center of importance on 
Lake Champlain for more than 300 years, and divers can 
find lots of great wrecks to explore that are within an easy 
boat ride from Burlington Harbor. The most comfortable 
time to explore these wrecks is from June to October, 
when the topside temperatures are warm, and the water 
temperature is above 70°F; the winter offers better visibility 
but with icy temperatures best suited for drysuit diving.

As I make my way north along the highway in mid-
October to experience these historic wrecks, the dazzling 
colors of the fall foliage make for a fiery spectacle in the 
early morning sun. By the time I check in at my lakeside 
cabin, I’m eager to explore the lake’s inviting waters. 

DIVING 
INTO LAKE 
CHAMPLAIN’S 
HISTORY
Text and photos 
by Ethan Gordon



Our dive guide meets us 
right at the docks by the 
cabin, and from there 
we head out onto Lake 
Champlain. As our classic 
lake boat plies the waters 
toward our first dive site, I 
envision the lake in its full 
1800s glory, covered with 
steamboats and schooners 
loaded for trade or simply 
ferrying passengers across 
the lake.

WATER WITCH
Our first destination, the Water Witch, is one of 10 
historic shipwreck preserves in Lake Champlain, each 
marked with a yellow mooring buoy at the surface. 
Originally built as an 83-foot steamer, it was converted 
to a schooner and spent most of its more than 30-year 
career ferrying materials around the lake. In April 1866 
it foundered in a gale while carrying a load of iron ore 

and went to the bottom, where it lies today. The Water 
Witch now rests upright at a depth of approximately 
90 feet. The visibility isn’t particularly good on my visit 
due to the wreck’s proximity to Otter Creek (one of the 
major streams in the area) and the fact that it had rained 
the day before. The darkness caused by the conditions 
and the depth, however, contributes to the feeling of 
having been transported back in time as we explore 
this very much intact schooner. From the long tiller to 
the bowsprit and anchor hanging off the bow, the old 
wooden frame gives a clear picture as to how maritime 
commerce on Lake Champlain appeared in the 1800s.

That afternoon we visit the Lake Champlain Maritime 
Museum, where we learn more about the rich nautical 
history of the lake. They have a full-size authentic 
replica of a Revolutionary War-era gunboat for visitors 
to explore and a cannon that was used aboard one of 
Benedict Arnold’s gunboats during the Battle of Valcour 
Island in 1776. We also learn of their ongoing project to 
raise the Spitfire, an intact Revolutionary War gunboat 
that sits on the bottom in an undisclosed location, to 
save it from degradation by invasive mussels.

O.J. WALKER
Images of the museum’s artifacts flood my mind as I 
enter the water on the second day of my visit. We begin 
the day with a dive on the O.J. Walker, a schooner-
rigged sailing canal boat built in 1862. It was designed to 
sail like a schooner while on the lake but could raise its 
centerboard and remove its masts to be towed through 
the local canals. In 1895, after 33 years of service, it was 
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This cannon is from one of the 15 American gunboats destroyed in 
the Battle of Valcour Island.

Left: A scale model of the Philadelphia, a gunboat under Benedict 
Arnold’s command at Valcour Island, is on display at the museum.

Opposite: Diver Lars Brinkmann illuminates the old wooden 
ship’s wheel on the wreck of the O.J. Walker, one of 10 historic 
shipwrecks preserved in Lake Champlain.
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LOCAL DIVING
LAKE CHAMPLAIN

HOW TO DIVE IT
GETTING THERE: Burlington is essentially a straight shot north 
on I-87 from Albany, New York. The trip from Boston adds 30 
minutes and takes you northwest on I-93 and then I-89. Direct 
flights to the Burlington International Airport are available from 
many major U.S. cities, and lodging ranges from quaint New 
England-style bed and breakfasts to major hotels.

CONDITIONS: Water 
temperatures range 
from a winter average 
of about 36°F to 
a summer surface 
temperature peak of 
around 75°F. Even 
in summer there are 
sharp thermoclines, 
and the bottom 
temperature at 
around 100 feet 
remains constant 
year-round in the 
mid-40°F range. 
Visibility on a good 
day can reach about 

30 feet but averages more like 10 to 20 feet. Lake Champlain’s 
bottom is mostly soft and silty, so good buoyancy control will 
contribute to better visibility. While the flow of water in the 
lake moves from south to north, no current other than surface 
currents in strong winds will affect dives.

TOPSIDE: Delve into the rich nautical history of the region 
with a visit to the Lake Champlain Maritime Museum  
(lcmm.org); exhibit buildings are open from late May to 
mid-October. There’s no better time than October to take in 
Vermont’s incredible foliage —  the diving is still great, and 
the topside colors will blow your mind. The Burlington area 
has countless great local restaurants and bars to enjoy.

caught up in a storm and sprang a leak. Researchers 
believe that the deck was overladen, and the top-heavy 
ship may have rolled, dumped the cargo and then 
righted itself before sinking. 

The first thing we see is the lost cargo of bricks 
scattered over the wreck and on the bottom nearby. 
The 86-foot hull sits in about 65 feet of water. The 
visibility has vastly improved from the day before, and 
we enjoy another clear view into history as we explore 
the aged wooden structure. No penetration is allowed 
on these historic wrecks, but it’s easy to peer below 
decks through the many doors and portholes. Along 
its rail, wooden deadeyes seem to stare back at us like 
empty skulls from a bygone era. Near the stern, we 
encounter a largely intact classic wooden ship’s wheel 
that looks like a prop from a movie set.

HORSE FERRY
After exploring the O.J. Walker, our charter moves to 
a shallower site just a stone’s throw from Burlington 
Harbor to explore the wreck of a horse ferry. The ship’s 
actual name and date of sinking are unknown, but 
it’s certain that it was a team boat. Horse- or mule-
powered team boats were a precursor to steamships 
and were in common use throughout the U.S. in the 
first half of the 19th century. They had a turntable 
or treadmill where horses would walk to power a 
set of paddlewheels. Lying at a depth of 50 feet, this 
historic wreck makes for yet another incredible photo 
opportunity. Clearly visible midship on this 63-foot 
wooden wreck are the structures of what remains of 
the paddlewheels, the gear shafts that powered them 
and the ribs of its hull.

After another day of rewarding dives, we enjoy 
warm mulled cider in the crisp fall air and sample fresh 
cheeses and foods from the nearby farms. It’s difficult to 
overlook how lucky we are to have this incredible dive 
destination just hours from our homes in the northeast. 
You can easily enjoy the classic New England ambiance 
with trips to cideries and working farms punctuated 

by dives into history. Lake Champlain hides more 
schooners, steamboats and early 20th-century wrecks 
than most divers can dream to explore. AD

From left: October is 
the perfect time to 
enjoy Lake Champlain’s 
wrecks as well as the 
surrounding colorful 
foliage. Diver Lars 
Brinkmann explores 
the bow of a historic 
horse ferry wreck near 
Burlington, Vermont. 
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L IFE 
AQUATIC

LEAVES OF GRASS
Text and photos by Ethan Daniels
VULNERABLE, GENTLE GIANTS

A
lthough Walt Whitman was not 
writing about seagrass, I still admire 
his words: “I believe a leaf of grass is 
no less than the journey-work of the 
stars.” While I have committed my 
life to the study and exploration of 

the sea and its faunal inhabitants, I still find something 
indefinably exquisite about primary producers, which 
are largely disregarded among the diving and snorkeling 
community. Tidal, typically unphotogenic and seemingly 
monotonous, seagrasses are low on the totem pole of 
habitat popularity — though the hundreds of millions 
of people who live in coastal areas and depend on the 
oceans’ resources greatly appreciate them.

There are numerous examples of species that 
evolved on land and then — for one reason or another, 
such as the endless battle for resources and survival 
— modified themselves through natural selection to 
succeed in the aquatic world. While most people think 
of marine mammals when considering such evolution, 
plants — namely seagrasses, which are flowering 
plants with seeds, roots, stems and leaves — have also 
migrated from terrestrial ecosystems and adapted 
to shallow, salty or brackish habitats at least three 
different times over the past 100 million years. In both 
tropical and temperate regions, about 72 species of 
seagrass grow in aquatic meadows around the world.

My first exposure to underwater plants came early, 
when growing up on the coastal waters of Cape Cod, 
Massachusetts, where eelgrass (Zostera marina) 
dominated the seafloor. Temperate eelgrass beds where 
I first snorkeled were full of life once I became patient 
enough to notice. These initial, revelatory experiences 
almost certainly led to my lifelong interest in biology. 

Years later I jumped at the opportunity to work 
in the Republic of Palau, where the same type of 
underwater experiences abounded. Along the east 
coast of Palau’s largest island, Babeldaob, widespread 
meadows of seagrass flourished from the edge of the 
land out to the reef crest hundreds of yards away. 
Back then I knew seagrasses were monocotyledons 
(flowering plants whose seeds have one embryonic 

leaf ) distantly related to lilies and palms, but I was just 
beginning to recognize what roles seagrasses played in 
the overall marine ecosystem. 

A deeper understanding of the plants’ significance 
became evident when Palauan fishermen showed me 
how much renewable food was sourced from seagrass 
beds. Sea cucumbers, urchins, clams, crabs and fish were 
all commonly gleaned from or fished for in this area. A 
healthy seagrass bed could indefinitely provide for a village. 

Clockwise from top: A yellow-spotted pipefish (Corythoichthys 
polynotatus) wrapping its body around bright seagrass (Enhalus 
acoroides) blades; upside-down jellies (Cassiopeia xamachana) in 
a seagrass meadow in Komodo National Park, Indonesia; an idyllic 
tropical island amidst a seagrass bed on Turneffe Atoll, Belize; 
a lesser electric ray (Narcine bancroftii) on the sandy seafloor of 
Turneffe Atoll off the coast of Belize.



Seagrasses contribute more than just edible resources. 
Similar to mangrove forests, seagrasses in nutrient-
rich areas slow currents and allow terrestrial sediment 
runoff to filter out of the water. In nutrient-poor areas, 
seagrasses can absorb nutrients from the soil and release 
them through their leaves, thereby acting as a nutrient 
pump. Their underground roots and rhizomes (thick 
horizontal stems) effectively stabilize the sandy seafloor, 
minimizing soil erosion and buffering coastlines. In 
turn, nearby corals and associated reef organisms tend 
to thrive in the clear, sediment-reduced water flowing 
out of the seagrass during outgoing tides. 

On a more global scale, the planet’s seagrass beds 
capture enormous amounts of atmospheric carbon, 

which is essential to slowing the rate of climate change. 
Scientists estimate that Earth’s seagrasses capture 
up to 83 million metric tons of carbon per year as 
primary producers and by utilizing organic carbon 
in their leaves and roots. Chloroplasts in the plant 
tissues convert carbon dioxide and water into oxygen 
and sugars with the help of energy from the sun. One 
square meter of seagrass can generate 10 liters of 
oxygen each day through photosynthesis. As seagrasses 
die and decompose, their organic carbon is stored 
in the soil. Recent research conducted by Florida 
International University scientists, however, has shown 
the capacity of seagrass beds to store carbon varies 
from region to region depending on the biodiversity 
found within the local habitat. 

Seagrasses typically create a highly suitable 
environment for a wide array of creatures, including 
humans. Seagrass beds, where competition and predation 
are not nearly as intense as on coral reefs, are ideal 
nurseries. They provide shelter and food for small 
invertebrates and fish. Similar to the dominant trees 
in a rainforest, seagrass blades act as a home for many 
epiphytic (growing on plant surfaces) species of algae, 
bacteria, bryozoans and other invertebrates. Nestled 
on the seafloor amid the sinuous blades of grass are 
sponges, worms, anemones and a variety of echinoderms. 
Octopus, squid, cuttlefish and gastropods as well as 
countless crustaceans make this green habitat their home. 

Scientists have calculated that one acre of healthy 
seagrass can sustain almost 40,000 fish and tens of 
millions of small invertebrates. With all the primary 
production and accumulated biodiversity, seagrass beds 
are observably valuable feeding grounds for stingrays and 
some of the world’s most endangered marine mammals 
such as dugongs and their close relatives, manatees, as 
well as endangered reptiles such as green sea turtles. 

Humans should not be in a situation where they are 
guarding the delicate vestiges of what once existed, 
but unfortunately seagrasses are seriously threatened 
across the globe. Seagrass beds are being destroyed at 
a rate of 1.5 percent annually — mainly due to human 
activities — which directly affects local and global 
marine biodiversity. With no international security and 
extremely limited local protection, seagrass meadows 
are at a high risk from dredging, runoff pollutants and 
nutrification, land reclamation and overfishing. 

While some communities concerned about food 
security have put effort into restoring local seagrass 
beds, it is a drop in the bucket compared to those 
being eliminated. Undoubtedly, the principal problem 
facing seagrass beds, as well as every other ecosystem 
on Earth, is human overpopulation, which contributes 
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to all of the concerns delineated 
above and is not an easily solved 
issue. Declining seagrass beds spells 
trouble for many species as well as 
people. More climatic changes such 
as rising seas, reshaped coastlines, 
ocean acidification and warmer 
water are to come, making it 
difficult to predict what the future 
holds for this type of habitat. 

It is remarkable how 
multifarious our planet is, and 
that diversity is one of the most 
inspiring aspects of life. The 
Earth’s numerous environments, 
including seagrass beds, 
continually transform. They are 
robust in some ways and fragile 
in others. In time they expand, 
contract, adapt to new conditions 
or disappear. Seagrass habitats are 
highly nuanced and complex. By 
studying the details of seagrass 
genomes, scientists are seeking to 
discover how seagrasses originally 
adapted to the salty, underwater 
ocean environment, how they 
are currently responding to 
climatic stresses and how their salt 
tolerance could be used to assist 
human crops grown in low-lying 
areas susceptible to sea-level rise.

As I have learned more about 
seagrass beds over time, I have 
developed more of a bond and 
become more protective of them, 

like my feelings toward other 
underwater habitats. It seems to 
be human nature to change and 
modify our surroundings, but in 
many cases, especially with seagrass 
communities, that habit is certainly 
deleterious. The ecosystem 
benefits from being undisturbed; 
the overall welfare of seagrass 
beds and associated marine 
habitats should unquestionably 
be a larger consideration for local 
and international communities. 
Everything is connected, and yet 
many modern conservation and 
management methods are not 
treating ecosystems in this manner. 

Seagrasses are truly incredible 
life forms, made of organic 
compounds and producing their 
own food, that have significantly 
contributed to making our planet 
inhabitable. Intimately tied to coral 
reefs and mangroves, seagrass beds 
are accessible natural laboratories 
of extravagant yet veiled life. 
With time will come greater 
appreciation of the amazing 
underwater flowering plants and 
the many marine denizens that 
utilize them to create a flourishing 
habitat. Perhaps more divers 
and snorkelers like me will get 
out there and patiently explore 
and uncover more secrets of the 
“journey-work of the stars.” AD
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An aerial view of the calm lagoon and 
mangrove islands growing on the edge 

of Turneffe Atoll in Belize shows the 
beauty of the Caribbean Sea. 
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Katie Klosterman, competitive freediver and Hollywood 
stunt performer, dives the Ray of Hope shipwreck in 
New Providence, Bahamas.



A
fter my wife, Sandy, and I retired from 
the federal government in 2013, we 
began spending the winter months 
aboard our 42-foot sailboat, Sandy Sea, 
cruising and diving in the Bahamas. 
As part of our departure preparation, 

we always plan for what to do in the event of a medical 
emergency on board. Our preparations include having a 
well-stocked medical kit and not putting ourselves or our 
boat at undue risk.  

On Wednesday, Feb. 4, 2015, we were anchored 
off George Town’s Sand Dollar Beach in the Exumas. 
Sandy began to experience excruciating lower back pain 
on her left side that left her nauseated and bent over 
on the floor. I feared she had a kidney stone because I 
had experienced two episodes with them in the past. 
A Percocet helped to relieve the pain, but she could 
not keep down any fluids, and the pain was getting 
more intense. We agreed it was likely a kidney stone 
and decided to wait and see if it would pass. I radioed 
the friends we had been cruising with, and they came 
over in their dinghy. One of the friends is a nurse, and 
she agreed it was likely a kidney stone. Another dose of 
medication helped to relieve the nausea, so Sandy was 
finally able to sleep.  

Even after a full night’s sleep, 
however, Sandy was unable to keep 
down any fluids, and the pain was 
getting worse. At this point we knew 
we had to get to a medical facility, but 

none were in the area. Getting to the closest hospital 
in Nassau — approximately 130 nautical miles away — 
would take three days by sail.  

I was wondering who to reach out to when I thought 
about the dive insurance we’ve had for years and an 
article that I read noting that Divers Alert Network® 
(DAN®) is not just for dive emergencies. We have been 
scuba divers for many years; I am an instructor, and 
Sandy is my dive buddy. We have been DAN members 
since 2006. After locating our DAN insurance cards 
among our important papers, I used Skype to make 
the call, and a representative answered immediately. 
The whole process seemed to go into hyperdrive. The 
medical information specialist on the other end of the 
line assessed the situation, brought an expert onto the 
call and concluded that Sandy needed to be evacuated 
to a medical facility. Then the representative said they 
would call us back within the hour with a plan of action. 

True to their word, DAN called back with a flight 
reservation to Nassau and said a car would be waiting for 
us at the airport to take us to the emergency department 
of Doctors Hospital in Nassau. By this time news of 
Sandy’s medical emergency had already spread through 
the cruising community, and our cruising friends assisted 

us by reaching out to the St Francis 
Resort to get a mooring ball. They also 
helped by watching our sailboat while 
we were away, getting a water taxi to 
pick us up and having a taxi waiting at 
the dock to take us to the airport.  
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DAN WAS THERE FOR ME

SHARE YOUR STORY
Has DAN been there for you? 
Tell us about it at 
ThereForMe@dan.org. 

A medical emergency becomes even more serious when 
out at sea — far from land and the nearest hospital. 
DAN insurance covers more than just dive accidents, 

and our medical staff will make arrangements for 
whatever is necessary to save a life. 

A Close Call in the Caribbean
By Larry Stewart
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We flew into Nassau and went straight to the emergency department. 
The hospital would only accept cash or credit card, not our insurance, 
so we feared the bills would add up quickly. We discovered Sandy had a 
10 mm kidney stone that would likely not pass on its own, so we spent 
the night in the hospital. The urologist that the hospital called in gave us 
a concise assessment and recommended a course of action, but he also 
advised us of the hospital’s limited capabilities and informed us that he 
was an independent contractor and as such could only accept cash or a 
credit card for payment. The staff at the hospital was wonderful and very 
professional, but neither of us felt comfortable about our options.

We had been getting follow-up calls from DAN asking how things were 
proceeding and to keep them updated. At around 7 a.m. we called to 
update DAN, share our concerns and inquire about the option of flying 
Sandy to Miami, Florida, for medical attention. DAN’s medical supervisor 
agreed that Sandy would likely get better medical care in Miami and 
arranged to fly us to Miami that day. DAN even spoke to the hospital 
in Nassau about an authorization to fly, which the hospital would not 
provide. Because of her condition, we were flown first class to Miami, 
and DAN had a car waiting at the airport to take us to the emergency 
department at Mount Sinai Medical Center.

When we arrived at Mount Sinai, the doctors examined Sandy; it was 
immediately apparent to them that emergency surgery was necessary. 
Sandy’s blood pressure had dropped to 65/35 mm Hg, and the kidney 
stone was blocking her ureter. The surgeon told me that she had 
developed sepsis, an infection in the bloodstream, and that her organs 
were starting to shut down. After the surgery Sandy had to remain in the 
intensive care unit for three days to get the infection under control. After 
the successful procedure, I learned from the surgeon that if we had been 
delayed another 12 hours Sandy likely would not have survived.  

Three weeks after the incident, Sandy was cleared to fly, and DAN made 
arrangements for us to fly back to our sailboat in George Town. In the 
interim, DAN continued to reach out to us to see how both Sandy and I 
were doing. 

We are so grateful to have received such excellent care, and we 
appreciate DAN being so helpful in getting us to the right place in time. 
The service, genuine concern and professional expertise DAN provided 
is something rare in today’s environment of automated answering 
systems. We are also grateful to our wonderful friends for their assistance 
in our time of need; they made all the difference in the world helping us 
through this medical emergency.  

We look back now and think about what we could have done 
differently. The following are some lessons we offer from our experience:
 
• When traveling, know the area and what medical capabilities exist.
• Talk to your insurance provider before you leave, and get information 

about what to do if an emergency arises.
• Have a well-stocked medical kit on board.
• Have a way to communicate: a cell phone, internet access or a  

VHF or single-sideband radio.
• Carry with you copies of your passports, identification and  

insurance cards.
• Always have DAN insurance. They were there for us. AD



W
hether your plans involve 
recreational or technical 
diving, hiring dive operators 
in remote locations requires 
you to consider several 
factors. Like every type of 

diving, every dive site calls for specialized training 
and preparation. This article uses Chuuk Lagoon, 
Micronesia, as an example of how divers should ensure 
their dive trips will be as safe as possible. 

TRAVEL-RELATED CONCERNS
After long flights to reach a remote destination, divers 
often arrive dehydrated and fatigued — two conditions 
that can contribute to dive incidents and decompression 
illness (DCI). A safe dive operation should begin by 
greeting divers at the airport with a bottle of water. 
Meanwhile, divers should take care to rehydrate on and 
after their flights and to rest before diving. 

Diving while fatigued can be especially dangerous, 
as divers must be able to maintain focus on buddy 
awareness, gear management, depth monitoring 
and buoyancy control. Tech diving is more complex 
with switching gases and tracking partial pressures 
of oxygen (PPO2). Reaching locations such as Chuuk 
Lagoon can require as many as four flights spanning 
several times zones over more than a day of travel, so 
travelers should consider arriving a day early to rest, 
rehydrate and recover before getting in the water. 
A well-rested dive group will run more safely and 
smoothly and in turn have more fun. 

INFORMATIONAL CONCERNS
One of the most important responsibilities of the dive 
operator is to provide specialized briefings to discuss the 
schedule and explain dive protocols and environmental 
risk factors. Divers will learn about average visibility, 
depth, water temperatures and currents in addition 
to methods for navigating to and from wrecks. Every 
dive boat features a hang bar or weighted hang lines 
for divers to use while finishing decompression 
obligations and safety stops, and responsible dive 
operators will cover this information and provide extra 
gas from a regulator on deck for out-of-air or low-air 

situations. Reputable liveaboards will not only discuss 
this information during predive briefings but will also 
provide their protocols prior to booking. To choose the 
safest operators, do your homework beforehand and 
learn about their procedures.

Before the dive, the liveaboard’s dive operations 
manager will ask dive teams about their plans and 
assign guides to the teams who want them. Each team 
should share what surface marker buoys they would 
deploy in emergency situations and how many tanks of 
nitrox or oxygen should be available via safety divers, 
if necessary. Prior to each dive, the operator will also 
inform each team of the location and availability of 
towlines and chase boats used to rescue overexerted 
or lost divers at the surface. Take responsibility for 
your safety by making sure both your team and the 
liveaboard crew have shared all requisite information 
before you get in the water. 

EMERGENCY RESPONSE
When planning a trip to a remote dive site, divers 
should research the availability of operational 
recompression chambers and quality health care. For 
example, Chuuk Lagoon has one privately owned 
functional chamber that is not always staffed because 
it relies on volunteers to operate it. As a result, dive 
operators in Chuuk Lagoon have protocols for dealing 
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Diving in Remote 
Destinations
 By Mike Gerken

Divers should be properly trained and well-equipped to dive the 
wrecks of Chuuk Lagoon. Peak buoyancy control is essential along 
with redundant gas supplies and reliable dive lights for deep wreck 
penetration, like this diver exploring the wreck of the Nippo Maru.
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with suspected cases of decompression sickness 
(DCS): Patients must go to the local hospital for 
examination; if chamber treatment is prescribed, staff 
members are assembled to open the chamber. This 
issue is common for many isolated dive locales around 
the world. 

As soon as dive operators suspect a case of DCS, 
they should contact Divers Alert Network® (DAN®) 
to open a case and get advice. If a local chamber is 
not operational, DAN initiates medical evacuation 
and takes over. For dive incidents in Chuuk Lagoon, 
air ambulances must fly several thousand miles from 
either the mainland United States or the Philippines to 
retrieve the patient, who will then be flown to Hawaii, 
Guam, the Philippines or wherever DAN deems the 
best treatment is available. It takes days to get there, 
which in severe DCS cases may result in serious 
disability. Thus, divers should dive conservatively 
to mitigate risk of severe DCS: Increase your safety 
margin within no-decompression limits, breathe 
nitrox, ascend slowly, and extend your safety stop. 
Medical evacuation is very expensive, which is one of 
the reasons dive operators recommend that every diver 
get DAN dive accident insurance. 

TRAINING AND PREPARATION
Wreck diving, which is very popular in Chuuk Lagoon, 
often involves penetration diving — the deeper the 
wreck, the more complex the dive becomes. Divers 
should never dive beyond their training and abilities. 
When entering a wreck, divers with poor finning 
techniques can cause silt-outs (filling the water column 
with sediment), which can cause dangerously low 
visibility. While dive staff can offer tips and techniques 
to avoid this issue, it is paramount that divers ensure 
they receive all necessary training and certifications 
before leaving for their trip. 

The dive team should decide what gear they will use, 
how many backup lights to bring, who will lead the 
dive and so on. Prudent divers will follow a dive guide 
for the complex portion of a penetration dive; local 
guides have years of experience and are likely to know 
the wrecks and dive sites far better than any visitor, so 
rely on their expertise.

Tech divers require additional dive equipment to 
complete complex dive plans. Open-circuit divers will 
use multiple tanks or sidemount tanks. Rebreather 
divers require special diluent, oxygen tanks and 
carbon dioxide absorbent. Most tech divers require 
decompression cylinders or bailout bottles to complete 
long decompression obligations. Traveling to remote 
destinations with all this extra gear can be an expensive 
and daunting task. To alleviate this issue, some 

operators have gear onsite, but providing supplies and 
equipment to tech divers becomes more difficult in 
remote dive locations such as Chuuk Lagoon, which 
must rely on preestablished supply lines to acquire and 
maintain inventories. It is up to divers to inquire about 
availability, and it is up to operators to ensure they can 
follow through. 
 
SAFETY EQUIPMENT
Any liveaboard worth their reputation should have 
ample safety equipment on board specifically for diving 
and more generally for seagoing operations. Here are 
supplies dive operators should always have on hand:
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No matter where your dive site is or how you get there, enough 
oxygen should be available to care for an injured diver for the entire 
trip to the nearest medical facility. Usual dive preparations become 
even more crucial in remote areas. Proper hydration and detailed 
dive plans are important parts of getting ready. 
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• Communications devices: Safe boating and diving 
in remote locations require mobile phones, internet 
access when available and satellite phones. Should 
a diver get injured, the operator must be able to 
immediately contact emergency medical services and 
DAN to expedite care. Communications devices are 
also vital for monitoring weather conditions to allow 
time to prepare for severe weather.

• First-aid supplies: Dive operators should not 
only have first-aid kits, stretchers and automated 
external defibrillators (AEDs), but they should also 
frequently inventory and update medical supplies. 
Having items such as suture kits, medications and 
IV kits on hand can be helpful even if the crew is 
not medically trained to administer them: Doctors, 
nurses and emergency medical technicians are often 
guests on board who can provide advanced care until 
hospital physicians can take over. For this reason, it is 
beneficial to know prior to beginning a charter who 
on the passenger roster is medically trained. 

• Oxygen: First aid for any suspected case of DCI 
includes oxygen administration. Every dive boat or 
liveaboard must have at least one complete oxygen 
unit on board, which will include oxygen cylinders 

with enough oxygen to get the patient to the next 
level of care along with continuous-flow and 
demand-valve regulators. Well-prepared operators 
might have multiple units available to care for more 
than one diver at a time. 

When it comes to safety, every diver considering a trip 
to a remote dive destination should consider whether the 
risk is worth the reward. Take the time to research your 
options, and maintain high standards for not only your 
dive operators but also your own training, equipment, 
discipline and physical fitness. The best operations 
can provide the safest environment possible, but the 
individual diver and the smart decisions he or she makes 
will produce the safest and most fulfilling outcomes. AD

A diver hovers over a Japanese battle tank 
at 160 feet on the forward deck of the San 
Francisco Maru, a premier dive site in Chuuk.
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A
n extraordinarily ambitious researcher 
and physician, Dr. Gerardo Bosco has 
worked with universities and health-
care systems across the globe for more 
than two decades and is a fixture in 
the international biomedical science 

and hyperbaric medicine communities. With a medical 
degree from Università degli studi G.D’Annunzio Chieti 
Pescara and a doctorate in muscle pathophysiology from 
State University of New York (SUNY) Upstate Medical 
University, he has served several residencies in dive 
medicine, hyperbaric medicine and nutrition sciences. 
He is a visiting professor at the University of Greifswald, 
SUNY Upstate Medical University and the University of 
South Florida and an assistant professor in hyperbaric 
medicine at the University of Padova. 

An international faculty member at the Duke 
Center For Hyperbaric Medicine and Environmental 
Physiology and former vice president of the Undersea and 
Hyperbaric Medical Society (UHMS), Bosco has expertise 
in nutrition science, muscle pathophysiology and wound 
care but is best known for his clinical hyperbaric research, 
having authored more than 100 scientific publications in 
national and international journals. He has the unique 
opportunity to push the limits of our understanding with 
his research, support the field in its entirety and cultivate 
new research across the globe. 

How did you first start diving, and how has your 
diving progressed over the years?
I started diving relatively late in life, when I was 
a 23-year-old medical student. I played sports 
throughout my childhood but was never able to dive. 
While looking for an ancient submerged city under the 
tutelage of Professor Piergiorgio Data (a physiologist, 
cardiologist and the director of what was the only 
residency in diving and hyperbaric medicine in Italy 
at the time), I was finally afforded the opportunity to 
learn how to dive. From that experience, I became 
drawn to the sport and the science and began studying 
in his physiology program. My first project was 
cleaning out and painting an office for myself, but he 
quickly involved me in all the ongoing experiments. 

My research has frequently given me opportunities to 
advance my diving.

It sounds like your diving has been closely related 
to your research. How did your research progress 
from the projects you worked on during your 
physiology program?
My first real projects with Data involved isolating carotid 
arteries in rats using contrast medium for postdive 
pulmonary scintigraphy. The goal was to use the rat model 
to learn more about how the human body responded to 
the rigors of the dive environment. From there I became 
involved in respiratory and metabolic research, and my 
personal scientific toy became a portable metabolimeter 
for measuring oxygen consumption. 

Throughout this research my interest in diving 
continued, driven by stories of freedivers Jacques 
Mayol and Enzo Maiorca as well as the great scientific 
expeditions Data directed in Peru, Indonesia and 
Greece. Through these stories I became intrigued by 
environmental physiology. In 1996 I participated in a 
training course by the European Space Agency (ESA) 
under the supervision of Franco Rossitto. Following 
that course, Rossitto, Data and I began working on 
some fascinating research using hyperbaric chambers 
for treatment of asbestos burns, giving me my first real 
experience with a hyperbaric chamber. In these early 
days, the experimental protocol was a bit extreme, and 
we would work only at night — when the lab building 
was empty — for the safety of our colleagues. 

My work from this point onward focused on 
applying technology to human physiology. It included 
research into oxygen consumption among combat, 
breath-hold and scuba divers at extreme altitude 
as well as the evaluation of postimmersion platelet 
activation in an ice-covered lake in Monte Bianco. This 
work eventually came full circle and brought me back 
to my initial research in physiology, working on the 
ischemia-reperfusion model and human metabolism in 
extreme environments at SUNY Upstate. 

Your research background is both uniquely broad 
and easily relatable to the dive community. Much of 

Opposite, clockwise from left: 
The Y-40 Deep Joy in Padova, 

Italy — the world’s deepest 
swimming pool; Bosco taking 

readings at the entrance of 
a chamber; Bosco studying 

postimmersion platelet 
activation in Monte BiancoUnderstanding Our Limits

GERARDO BOSCO APPLIES MODERN TECHNOLOGIES 
IN HYPERBARIC RESEARCH
By Reilly Fogarty
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the research in dive medicine focuses on finding a 
cause for a known mechanism rather than discovering 
something unknown. Has any of your research 
resulted in a particularly surprising outcome?
Most of the results of my research are unexpected. 
The work that really interests me involves uncovering 
the unknown in the human body, particularly in 
extreme environments, so unknown results come 
with the territory. Right now my main goal is to 
clarify the link between oxidative states, production 
of reactive oxygen species (ROS) — a normal product 
of cellular metabolism — and inflammatory markers 
in divers. In pursuit of this goal, my colleagues and I 
have been doing a significant amount of work with 
the mechanism of action of hyperbaric oxygen (HBO) 
in patients with osteonecrosis and the mechanism of 
HBO preconditioning for divers. By understanding the 
ways that these mechanisms affect patients, we hope to 
understand more about how divers’ bodies respond to 
their environment. 

What about research that goes the other direction? 
Does your work in dive medicine ever result in 
clinical implications or discoveries?
It does! I was involved in a recent study that focused 
on femoral head necrosis — a condition that can result 
from certain types of extreme diving, typically at great 
depth and for long periods — that suggested some 
interesting results. We found that the effect of HBO 
on production of osteoprotegerin (OPG), a type of 
cytokine receptor, suggests that HBO may be able to 
stimulate new bone formation. I strongly believe that 
this angiogenesis capacity stimulated by HBO could 
lead to new insights and clinical indications for HBO. 

Ketogenic diets have drawn increased focus in both 
fitness and dive medicine research lately. Do you 
have any insights into the concept?
It is true that research on the ketogenic diet is increasing 

in visibility and bringing credibility to the method for 
treatment of some metabolic and neurologic disorders. 
We know that the short- and medium-term effects 
of this diet regimen appear safe and effective to lose 
weight, decrease cardiovascular risk and reduce the risk 
for oxygen toxicity in divers. We still do not know the 
long-term effects of this diet. While it may have merit 
for divers, I would not expect as big a benefit in divers as 
some experimental studies have shown. 

What current and future research advancements can 
we expect from you or your colleagues? 
Many ongoing research projects in the field of physiology 
could affect the way we dive. This research takes time 
to change the reality of the sport, but the safety benefits 
can be great. To date, oxygen pretreatment has shown 
some of the most promise in new research. Military and 
aerospace activity will see the most benefit from these 
methods of oxygen administration before exposures 
(whether they be underwater or in space). With the 
recent increases in the popularity of technical diving, 
however, I think this work could be important for the 
safety of many, if not all, divers. 

Some of our other recent work has focused on 
clarifying the psychophysiological aspects of diving and 
open-ocean survival to help sea-rescue services and 
taking arterial blood gas measurements at 40 meters 
of depth in breath-hold divers. This last project was 
uniquely challenging, but it resulted in the first real 
attempt at getting numbers for the partial pressure of 
oxygen (PO2), partial pressure of carbon dioxide (PCO2), 
acidity (pH) and lactate in divers in the water. 

My goal, and the goal of the research teams I work 
with, is to respect the traditions of our sport but create 
new perspectives using modern technologies. Our aim 
is to verify how to strengthen endurance performances, 
understand how the human body responds to the 
exposures to which we subject it and improve the safety 
of humans in all conditions. AD
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Q: What should I consider when I return to 
diving after a joint replacement?
 

 

A: Joint replacement is becoming more common, 
increasing our quality of life and scope of activity 
as we age. There are several aspects to consider 

when returning to diving after a joint replacement, including 
the risk of damage to the replaced joint, emergency response 
and the risk of decompression sickness (DCS). Remaining 
physically active is vital for our general health and 
important for maintaining bone quality. Better bone 
quality may help improve stability of a replaced joint, but 
too much of the wrong activity can cause wear and tear, 
fracture, loosening and destabilization of the implant 
and may require surgical revision. Survey studies and 
consensus recommendations of orthopedic surgeons 
show that most surgeons recommend low- to moderate-
intensity physical activities — such as walking, swimming 
or cycling — after joint replacement. They discourage 
high-impact or contact activities such as running, soccer, 
football and hockey.

Any return to physical activity after surgery depends 
on complete recovery. Your surgical incisions need to 
be completely healed, and any complications such as 
infections must be resolved. To safely dive, you must 

be able to lift and carry your equipment without any 
limitations due to pain or restriction in motion. Pain 
medications that may impair your ability to respond to 
changes underwater could cause injury or even death to 
you or your fellow divers in an emergency. Even after you 
have recovered from the surgical procedure, you’ll need to 
have also recovered your strength and endurance to deal 
with any emergency situation that may arise.

A theoretical increase in DCS risk may also warrant 
postponing diving. Any condition in which blood flow 
to tissue or joints is compromised could hypothetically 
impair inert gas elimination and perhaps increase the 
risk of DCS at surgical sites. At this time, however, 
there are no objective data to support or quantify an 
increased risk of DCS at well-healed surgical sites 
without complications. Returning to diving after 
joint replacement isn’t necessarily straightforward 
and should always be assessed on a case-by-case 
basis. Once your surgeon and a physician with an 
understanding of dive medicine clear you for diving, 
we recommend a gradual return. Start in a controlled 
environment by swimming in a pool with fins, then 
work your way up to diving in a pool, then eventually 
move to open water. As with diving after an injury, 
there is no guarantee that you won’t reinjure the joint 
or be at increased risk to develop DCS, so diving 
conservatively is a good idea.

— Kaighley Brett, M.D. 

Q: I’m getting a new tattoo on my thigh. Is it 
safe for me to go diving two days later? 
 

A: Your tattoo artist will tell you how to 
properly care for the site of the tattoo and 
how to prevent infection. The general 

recommendation is to avoid immersing your tattoo in 
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water — other than showering — until the area has 
healed (the skin is no longer flaking), which can take 
several weeks. Going diving two days after getting a 
tattoo is not recommended due to the risk of infection. 
As with any wound, be sure healing is complete before 
you dive.

— Marty McCafferty, EMT-P, DMT

Q: I am starting an antianxiety medication, 
sertraline, and am wondering if it is safe for 
me to dive while on this medication? 

 

A: There are few research studies on the effect 
of medications in the dive environment, 
but current information suggests that most 

medications act the same way underwater as they  
do on land. They are metabolized the same and,  
as far as we know, are not affected by elevated  
partial pressures. 

The more significant concern about diving is 
not the medication itself but rather the underlying 
condition the medication is treating. I’m sure you can 
appreciate that a history of anxiety might potentially 
compromise one’s safety underwater. Your treating 
physician is your best resource for determining if 

diving will be a safe activity for you. Provided the 
condition is well-controlled, you know and avoid 
anxiety triggers and you have been on the medication 
for more than 30 days, diving should not present 
a problem. Again, your doctor needs to make this 
decision since he or she is accepting the liability by 
signing your clearance form.

One thing to note is that if you continue your diving 
education and pursue advanced certifications, your 
depth limits will increase. Deeper depths involve 
an increased risk of nitrogen narcosis. Most divers 
describe narcosis as a carefree, euphoric feeling. 
This can compromise dive safety because divers 
may be less able to monitor their depth, dive time, 
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• Tech diving available
• Nine spacious suites
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gas consumption, etc. Since some mood-stabilizing 
medications may have similar effects, there is a 
theoretical risk of a synergistic effect between nitrogen 
narcosis and mood stabilizers. This effect has not been 
formally studied but is a common concern among 
physicians trained in dive medicine.

Please share this information with your doctor,  
and let us know if you have additional questions  
or concerns.

— Lana Sorrell, EMT, DMT

Q: I recently dived at Sipadan Island, where 
divers are not allowed to wear gloves. At one 
point I accidentally brushed my hand against 

something that stung me. I didn’t see any fire coral 
or wildlife in proximity, and I didn’t experience any 
immediate redness or rash. One week after returning 
home, however, I developed a raised red rash with 
clustered, firm, small, round, red bumps where I had 
been stung. Sometimes the rash itches, and at other 
times it is tender to the touch, similar to a burn. It 
has worsened since I first noticed it two days ago; 
topical cortisone and tea tree oil have soothed but not 

diminished it. What could have caused my rash, and 
how should I treat it? 

A: It is impossible to determine precisely what 
stung you, but your symptoms are consistent 
with an injury from a sponge, jellyfish or 

hydroid. Hydroids may attach to any solid structure 
in the ocean and can be found on mooring lines and 
other objects.  

Initial treatment of these types of stings consists of 
washing the area of contact with salt water, applying 
vinegar and treating pain with hot water (as tolerated). 
It is common for the rash to improve and then get 
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worse again before it heals. At this point in your injury, apply topical 
steroids, and use heat to treat pain. If you see no improvement in a week 
or two, see a doctor; you might need oral steroids. The doctor will not 
need to know what organism stung you and can treat the wound like any 
other contact dermatitis.

— Travis Ward, EMT-P

Q: I’ve read online that having a spleen is important for diving. 
I had mine removed five years ago after a traffic accident. If I 
dive, am I at increased risk of injury? 

 

A: The spleen, which stores extra red blood cells (erythrocytes), is not 
necessary for diving and certainly not for scuba diving. Research 
shows that when marine mammals hold their breath and make a 

dive, the resulting complex physiological reaction to apnea will compress the 
spleen, releasing more erythrocytes into circulation. This process is believed 
to at least temporarily increase the number of available oxygenated red 
blood cells and possibly increase the duration of the dive. It is suggested that 
this same phenomenon occurs in human breath-hold divers (freedivers). 
Scuba divers breathe compressed air that they take with them to depth 
— they do not hold their breath. The absence of a spleen is not known to 
increase injury risk for scuba divers or breath-hold divers. AD

— Marty McCafferty, EMT-P, DMT
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R
ecreational scuba diving is generally 
categorized as moderate physical 
activity, but circumstances can make 
it high intensity. For reference, other 
examples of moderate activity are 
a brisk walk on a level surface, a 

recreational bike ride or a leisurely backstroke in the 
pool. High-intensity exercise includes activities such 
as open-water swimming and running a marathon. 
As with any exercise, it is important to honestly and 
accurately assess your fitness level before diving. 

The American Heart Association and American 
College of Sports Medicine health guidelines offer 
useful considerations for medical history and 
cardiovascular health risk factors. 

Major cardiac events (heart attack, surgery or 
other procedures), heart disease, heart failure and 
symptoms such as chest pains, dizziness or blackouts 
are all reasons to see a health-care provider before 
undertaking exercise of any kind. If you have multiple 
cardiovascular risk factors — such as high blood 
pressure, high cholesterol, diabetes or a family history 
of heart attacks — or you are simply a certain age (45 
years old for men; 55 years old for women), a visit to 
your physician is recommended before diving. While 
you may not be aware of certain heart defects such 
as patent foramen ovale (a hole in your heart) until 

you have a problem during a dive, it’s important to 
take seriously any sign of possible cardiac problems. 
Immersion in water increases the volume of fluid in 
the core of your body, and this additional stress may 
compound preexisting problems.  

If you have no indicators of cardiovascular problems 
and no relevant medical history, you may be able to 
use some simple tests at home to assess your fitness to 
dive. The three areas of concern for divers are aerobic 
capacity, strength and flexibility, all of which you can 
evaluate with the help of a few resources. 

If your main concern is aerobic endurance, the 
12-minute swim test developed by Kenneth H. Cooper, 
M.D., M.P.H., and detailed in his book The Aerobics 
Program for Total Well-Being is an excellent measure. 
All you need is a pool with a known length in yards and 
a partner with a stopwatch or clock to time you and 
track your distance. Begin by warming up for a few laps, 
then swim at a steady pace for 12 minutes using any 
stroke or rest time necessary, and cool down afterward. 
Compare the distance you achieve to the ratings in 
Table 1 to determine your overall endurance level. 

Table 2 details a land-based test of aerobic 
capacity, strength and flexibility developed from 
recommendations by the U.S. Centers for Disease 
Control and Prevention and the U.K.’s National Health 
Service. Answer the questions honestly, and calculate 

Finding Your Fitness
 By Josh Benjamin

A little time in the pool or evaluating some 
common land-based physical effort can help 

you evaluate your own fitness for the physical 
activity demanded by recreational diving.
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your point total. The evaluation of your results is based on information 
from dive medicine experts. Even if you are generally healthy, a 
predominantly sedentary lifestyle may disguise your physical fitness level 
until you are challenged.

While you may feel comfortable with your fitness level after a self-
assessment, it’s still important to consider whether you might be putting 
your health at risk by diving. The Recreational Scuba Training Council 
provides a form and guidelines that cover the necessary considerations for a 
diver. (This form is available through your training organization or online.) 
Diving is typically a moderate activity, but it does present unique risks. Being 
proactive about your own fitness will help keep you safe in the water. AD
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www.atomicaquatics.com

SplitFin®

BladeFin™

Power and speed from a 
moderately firm blade
combined with unique 
structural engineering
to deliver thrust.

X1 BladeFin

Ultimate power from 
a firmer, shorter blade 
delivering raw thrust and 
control for regular and 
alternate kicking styles.

MORE EFFICIENCY. MORE 

POWER. MORE THRUST. 

WITH EVERY KICK.

Atomic Aquatics fins are uniquely 

designed to meet every kicking 

style and diving need.

Ease and efficiency of 
kicking with a flexible 
blade and Propeller-
Fin™ technology to slice 
through the water.

Kick it up
a notch
          ...or three

Rating/Distance (yards)

Men (ages) Very Poor Poor Fair Good Excellent
13–19 < 500 500–599 600–699 700–799 ≥ 800

20–29 < 400 400–499 500–599 600–699 ≥ 700

30–39 < 350 350–449 450–549 550–649 ≥ 650

40–49 < 300 300–399 400–499 500–599 ≥ 600

50–59 < 250 250–349 350–449 450–549 ≥ 550

60+ < 250 250–299 300–399 400–499 ≥ 500

Women (ages) Very Poor Poor Fair Good Excellent
 13–19 < 400 400–499 500–599 600–699 ≥ 700

20–29 < 300 300–399 400–499 500–599 ≥ 600

30–39 < 250 250–349 350–449 450–549 ≥ 550

40–49 < 200 200–299 300–399 400–499 ≥ 500

50–59 < 150 150–249 250–349 350–449 ≥ 450

60+ < 150 150–199 200–299 300–399 ≥ 400

Table 1. Aerobic endurance rating after 12-minute swim test

Table 2. Evaluating aerobic capacity, strength and flexibility for diving

12-16 points: This activity level is great for your health, and you appear reasonably physically fit for 
diving. Do you have any other contraindications? For more information, please consult the Recreational 
Scuba Training Council (RSTC) medical statement form and guidelines, which is available at wrstc.com/
downloads/10%20-%20Medical%20Guidelines.pdf

7-12 points: You’re physically active, but you don’t quite meet the recommended fitness levels and likely 
aren’t ready for the possible physical challenges of scuba diving. It will take you six weeks to three months 
to reach the appropriate fitness level before your dive trip.

0-6 points: You’re not very active, so start small and build up your activity levels. You’ll soon gain 
confidence and feel better, but you may need up to one year to be physically fit for diving. See your 
physician before engaging in vigorous exercise.

Target Points Achieved 

150 minutes of moderate exercise or 75 minutes  
of vigorous exercise per week

Every week: 3 points
Almost there: 2 points
Halfway there: 1 point
Needs improvement: 0 points

How many days a week do you participate in 
activities that strengthen your muscles?

At least two days: 2 points
One day: 1 point
Hardly ever: 0 points

How would you describe the way you feel after  
climbing a flight of stairs?

Great: 4 points
OK: 3 points
Breathless: 2 points
Exhausted: 1 points
Can’t do it: 0 points

How many of the following actions can you do 
easily? (Pick as many that apply.)

10 sit-ups: 2 points
5 push-ups: 2 points
Touch your toes: 1 points
20 star jumps: 2 points
None of these: 0 points

Rating/Distance (yards)

Men (ages) Very Poor Poor Fair Good Excellent
13–19 < 500 500–599 600–699 700–799 ≥ 800

20–29 < 400 400–499 500–599 600–699 ≥ 700

30–39 < 350 350–449 450–549 550–649 ≥ 650

40–49 < 300 300–399 400–499 500–599 ≥ 600

50–59 < 250 250–349 350–449 450–549 ≥ 550

60+ < 250 250–299 300–399 400–499 ≥ 500

Women (ages) Very Poor Poor Fair Good Excellent
 13–19 < 400 400–499 500–599 600–699 ≥ 700

20–29 < 300 300–399 400–499 500–599 ≥ 600

30–39 < 250 250–349 350–449 450–549 ≥ 550

40–49 < 200 200–299 300–399 400–499 ≥ 500

50–59 < 150 150–249 250–349 350–449 ≥ 450

60+ < 150 150–199 200–299 300–399 ≥ 400

Table 1. Aerobic endurance rating after 12-minute swim test

Table 2. Evaluating aerobic capacity, strength and flexibility for diving

12-16 points: This activity level is great for your health, and you appear reasonably physically fit for 
diving. Do you have any other contraindications? For more information, please consult the Recreational 
Scuba Training Council (RSTC) medical statement form and guidelines, which is available at wrstc.com/
downloads/10%20-%20Medical%20Guidelines.pdf

7-12 points: You’re physically active, but you don’t quite meet the recommended fitness levels and likely 
aren’t ready for the possible physical challenges of scuba diving. It will take you six weeks to three months 
to reach the appropriate fitness level before your dive trip.

0-6 points: You’re not very active, so start small and build up your activity levels. You’ll soon gain 
confidence and feel better, but you may need up to one year to be physically fit for diving. See your 
physician before engaging in vigorous exercise.

Target Points Achieved 

150 minutes of moderate exercise or 75 minutes  
of vigorous exercise per week

Every week: 3 points
Almost there: 2 points
Halfway there: 1 point
Needs improvement: 0 points

How many days a week do you participate in 
activities that strengthen your muscles?

At least two days: 2 points
One day: 1 point
Hardly ever: 0 points

How would you describe the way you feel after  
climbing a flight of stairs?

Great: 4 points
OK: 3 points
Breathless: 2 points
Exhausted: 1 points
Can’t do it: 0 points

How many of the following actions can you do 
easily? (Pick as many that apply.)

10 sit-ups: 2 points
5 push-ups: 2 points
Touch your toes: 1 points
20 star jumps: 2 points
None of these: 0 points
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A
dvanced training and equipment 
are necessary for cave diving, but it 
is often the experience acquired by 
actually diving in caves that proves 
to be even more important than 
equipment or training. Attention to 

detail in planning cave dives is essential, and failure to 
address even the most minute issues can have grave 
consequences. Candidates selected for cave-diving 
training programs must have a record of disciplined 
diving and demonstrate commitment to completing the 
rigorous program.

The Intro to Cave Diver course from Technical 
Diving International (TDI), for example, lasts a 
minimum of four days. Completion of this prerequisite 
course allows candidates age 18 and older to enroll in a 
TDI Full Cave Diver course.  

With this information in mind, suppose you were 
a cave-diving instructor asked to teach more than a 
dozen children, ranging in age from 11 to 17 years 
old, to navigate a long, narrow cave passage with low 
visibility. Your classroom has no light, your prospective 
students have never been swimming, let alone diving, 
and they may not speak your language. You are sleep 
deprived throughout the course, and the students are 
starving, dehydrated and frightened for their lives 
because they’ve been trapped in a dark and steadily 
flooding cave for days. 

Could you take on this challenge? Many would not, 
but fortunately for those children some of the world’s 
most dedicated cave divers rose to the occasion.

This grim situation was a reality this summer when 
a soccer team of young boys and their coach became 
trapped in Thailand’s Tham Luang Nang Non cave 
system after unanticipated monsoon rains flooded 
their only way out. Ben Reymenants was one of the 
elite cave divers who worked tirelessly to help rescue 
the team. We thank him for taking the time to answer 
some questions about the experience.

What were your first thoughts after you got the 
call, and what did you do?
I had heard that the soccer team becoming trapped 
in the cave and that the military was setting up an 
evacuation plan. I thought about volunteering, but I 
didn’t know how to contact any of the commanders. 
The next day I read that the British cave rescue team 
had arrived, so I figured there was enough expertise at 
site. The following day, however, I received a call from 
a liaison officer to the Thai Navy, who told me that the 
British divers didn’t have the manpower and equipment 
to complete the task. I had no information about the 
cave and knew only that time was running out since 
heavy monsoon rains were expected. I packed two 
cylinders and a small rebreather and hopped on a plane.

You’re an accomplished cave diver who lives in 
Thailand, so you’re familiar with Thai caves. Tell us 
about this one.
Tham Luang is very different from the caves we usually 
dive. The topography isn’t particularly unusual, but 
the cave is long (6.2 miles), the flow is unpredictable, 

Up to the Challenge

By Jim Chimiak, M.D.  |  Photos by Ben Reymenants

CAVE DIVER BEN REYMENANTS DISCUSSES THE CHALLENGES OF 
RESCUING YOUNG SOCCER PLAYERS FROM A CAVE IN THAILAND.
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and the visibility is very bad. This cave had never been dived before, as it is 
considered too dangerous, so we had to explore and lay roughly 2 miles of 
thick rope. I have no desire to dive this cave again, though some of us will 
probably return in December when the water recedes to try to recover some 
of the dive gear we had to leave behind when the cave flooded on the last day 
(one of the main pumps broke two hours after the last stretcher got out).

What were the options for rescuing the team?
Among the solutions proposed (and in some cases attempted) were inflating 
a long tube the kids would crawl through, drilling a hole from the surface, 
teaching the kids to dive, installing giant pumps to drain the water from the 
cave, or leaving the kids in the cave for the three- to four-month monsoon 
season with two doctors and adequate food and medical supplies.

The team was very far from the entrance; getting to them involved cave 
diving, navigating dry stretches with cave-diving gear and then more 
cave diving. What were the most significant logistical challenges? 
The only map we had was 30 years old and had been drawn by hand 
by French dry cavers. In the early days of the operation the flow was so 
strong it took me three hours to get to Chamber 3 (about a mile inside 
the cave). The conditions were a mix of strong flow, muddy passages with 
zero visibility and muddy rock piles that we had to climb over with our 
cylinders and rebreathers. The air in these dry chambers had a low oxygen 
and high carbon dioxide content, which made the dry caving similar to 
high-altitude climbing. Once past Chamber 3, the real diving work started; 
it went very slowly in the first days because of limited (1 foot) visibility 
and high flow. 

Finding your way through an unknown cave by feel while dragging a 
large bag with more than 200 yards of climbing rope was quite taxing, 
both physically and mentally. I became entangled in loose line a few times 
and stuck in small restrictions about half a dozen times. Once the line was 
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Compressors filled air and oxygen cylinders around the clock. About 840 cylinders were 
taken into the cave, most of which were left behind when the cave flooded after the last 
stretcher came out.

Opposite, from left: Thai Navy SEALs and civil engineers prepare more pipelines to 
pump more than 3 billion liters (nearly 800 million gallons) of water out of the flooded 
cave. International cave divers worked hand in hand with Thai Navy SEALs.



laid, about 400 cylinders had to be staged along the 
line in preparation for the extraction. The Thai Navy 
SEALs did the majority of the cylinder runs, which was 
extremely hard as it involved dragging and pushing 
multiple cylinders through the restrictions.

What were the most significant concerns in the early 
stages of the operation, and how were these addressed?
Getting stuck in restrictions. Some of these restrictions 
were small outflowing passages, which created suction 
and thus were very dangerous. 

Distance. The total distance to the kids was about 2 
miles against flow, and the water was 65°F and muddy. 
Most dives took about six hours, and the mental and 
physical fatigue combined with doubt made it very hard 
to keep pushing further, not knowing if the kids would 
be alive or actually where they were believed to be.

Equipment failure. The constant impact against the rocks, 
mud entering regulators or loss of gas, light or line could 
have been fatal. My main light broke, my drysuit ripped 
and flooded, my dive computer broke, and I lost a fin in 
the ripping current on my way out. Cave divers always 
carry at least two of any crucial pieces of equipment: two 
masks, three torches, two cylinders and a rebreather and, 
of course, two fins. I also had a couple of energy bars and 
a drinking bag with three liters of isotonic fluids.

Once the team was found alive, it is easy to imagine 
the scale of the response escalating rapidly, with the 
arrival of additional resources: people, food, water 
pumps, equipment and more. How was such a huge, 
complex operation managed? Did the situation 
change daily? Were there regular briefings?
It was organized chaos, to say the least; there was an 
overflow of resources at first and too many cooks in the 
kitchen. The commander of the Thai Navy SEALs took 

charge, however, and decided who and what equipment 
went into the cave. Every day there was a briefing 
in Thai and in English. The teams inside the cave 
became more numerous as time went on and as more 
international military personnel arrived from different 
countries. Each of them had a specialty, however, and in 
the end it all worked like a well-oiled machine.

It appeared that the army of supporters was well 
managed and did not interfere with the rescue 
operations. What kind of support did you get?
Police and military personnel kept media and 
supporters at a safe distance. A medical tent was set 
up with free medical care (we got lots of cuts and 
abrasions on our hands) along with large tents that 
provided free food around the clock. The support by 
the Thai volunteers at the entrance to the cave was 
amazing; I felt like I was treated like a king.
 
How did you manage to train the boys to use 
breathing equipment and then prepare them for 
the stressful and dangerous dive?
The large pumps worked well; by the time the actual 
extraction process started, the cave was about two-
thirds drained of water. After assessing the condition of 
the kids, it was decided that each one would be carried 
out on a foldable stretcher after being sedated and 
given a full-face mask with positive pressure oxygen 
being fed from a cylinder carried by the rescue divers.

How did rescue divers manage the children they 
carried through the flooded cave? 
Because the children were sedated, they were 
unresponsive. Each rescuer had a bottle and syringes 
to keep the kids sedated throughout the two- to three-
hour trip. Each rescuer carried an oxygen cylinder 
with a quick connector to plug into the full-face mask. 
About every 100 yards, a new rescue buddy team 
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would take over carrying the stretcher. Roughly 30 
divers were needed to get the stretchers to Chamber 3.

What other teams were involved? 
A team from China arrived and designed a zipline to 
more quickly transport the cylinders from the surface 
to Chamber 3. A local rock-climbing school helped 
install the system by drilling hooks in the ceiling. The 
U.S. military set up two field hospitals: in Chamber 
3 and near the exit. British and local expatriate cave 
divers helped carry out the stretchers. Craig Challen 
and Richard Harris, M.D., two well-known Australian 
cave divers, dictated the actual extraction process with 
the full-face masks and foldable stretchers.

Even among highly experienced cave divers, this 
rescue was considered nothing short of miraculous. 
When times felt desperate, were you ever worried 
that not everyone would make it out alive?
A team of doctors in the hyperbaric center in Malta 
was advising me daily. They informed me that if the 
kids had found a dry space and were not injured, 
they had a pretty good chance of being alive, because 
fresh water was dripping from the stalactites and the 
temperature inside the dry areas was 79°F. Still, there 
were a lot of unknowns with regard to the kids having 
found higher ground and being at the spot where they 
were thought to be. Once they were found, the clock 
started ticking — heavy monsoon rains were expected 
and could flood the cave again.

Tragically, retired Thai Navy SEAL diver Saman 
Gunan drowned during the rescue, which 
highlighted the very real danger of the operation. 
What happened in his case? 
This is still unclear. One reason might be fouled air. 
Roughly 40 cylinders had to be drained because exhaust 
fumes from the multiple compressors and generators 

had made it into the air intake. This problem was 
resolved, but a few contaminated tanks might have made 
it into the cave. The second reason might be confusion. 
Saman had access to multiple cylinders, but in the bad 
visibility he might not have found the spare regulator 
when his main cylinder ran out of gas. 

How did you monitor and address deteriorating 
environmental conditions within the cave?
I could not. Generally I could read my instruments only 
when I surfaced in small air pockets every 20 minutes 
or so. The maximum depth was 20 feet, so I knew I 
could pump pure oxygen into my rebreather without 
the need to monitor oxygen or depth.

What was the impact of the pumps and stream 
diversions on the water levels in the caves?
The initial pumps did very little, but the flow lessened 
after a dam was built on a small river that fed into 
the cave. A hole was drilled upstream as well, which 
drained a lot of water. Two large pumps supplied by a 
Dutch company did the majority of the work. Three 
billion liters were drained from the cave, flooding vast 
areas of farmland nearby.

Rescue divers from this mission have received medals 
and have been recognized in worldwide media. How 
are you handling the public and media attention?
Thai Prime Minister Prayuth Chan-ocha recently awarded 
a medal to me and some of my fellow expat cave divers. 
The media attention is slowly calming down, but it was 
indeed unexpected, especially since I had not watched any 
TV around the time of the operation. I had seen the wall 
of cameras lining the entrance of the cave, but I did not 
anticipate the media storm that would follow. I guess the 
world loves a good rescue story. It was good to be a part 
of this successful and giant operation involving 10,000 
people working toward a common goal. AD

From far left: Rescuers 
navigated a mile-long 
passage each day before 
diving. Thick ropes secured 
the 1.5-mile passage to 
the soccer team. Thai Navy 
SEALs hauled cylinders 
to Chamber 3 each day. 
A royal reception awaited 
Ben Reymenants and 
his wife at the airport in 
Phuket. Passage through 
the cave restrictions was 
difficult for the SEALs, 
whose equipment and 
skills were not designed  
for flooded caves. 



M
y buddies and I were on a dive 
boat with several groups of divers 
who were planning to dive a reef. 
I was diving with enriched-air 
nitrox containing 32 percent 
oxygen (EAN32) to a planned 

maximum depth of 110 feet with two other divers. My 
primary computer was air integrated (connected to the 
high-pressure hose and in a console) and several years old. 

The dive began as usual: I descended slowly while 
routinely monitoring my gauges to keep track of 
depth and remaining gas. As I neared the maximum 
operating depth (MOD) of my gas, I began to check 

my depth more frequently to make sure that I did 
not descend too far. On one of these routine checks 
I noticed that the depth displayed on my computer 
had not changed, but the water around me was 
considerably darker. I stopped the descent to check 
the computer more carefully, and to my surprise the 
display dimmed, flashed on and off several times and 
then died completely. It quickly became apparent that 
the computer had flooded and was shooting a small 
stream of bubbles from the case. 

Fortunately, I always carry an analog submersible 
pressure gauge (SPG) and a backup wrist dive computer 
with me when I dive. This incident shows precisely  
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Modern dive computers can give us a wealth of information, 
but what if yours fails? Equipment redundancy, or having 

a backup, can help you know your true circumstances and 
prevent an injury or dangerous situation.

Risk and Redundancy
 By Doug Stracener

RESEARCH, EDUCATION & MEDICINE
SKILLS IN ACTION

STEPH
EN

 FR
IN

K



why you should have redundancy in critical pieces of 
dive gear.

Because of the extra equipment I had with me, I 
was able to quickly check my wrist computer and 
determine that I was slightly below my working depth 
of 110 feet but still inside the 130-foot MOD for 
EAN32 when my console computer failed. The analog 
SPG showed plenty of gas using the rule of thirds. 
After I notified my buddies, I ascended to 60 feet to 
join another group of divers from the same boat and 
had a normal 45-minute dive on a beautiful reef.

Afterward, divers aboard the boat had a serious 
discussion about what could have happened in this 
situation to a new diver with limited experience using a 
single air-integrated computer system. The consensus 
was that new divers may not even be aware of the 
hazard or the easy solution. 

This experience is a great example of having the 
proper equipment for a planned dive and being prepared 
with appropriate emergency procedures in case of 
equipment failure. Dive computers can and will fail, and 
divers should plan for an inevitable failure. With air-
integrated computers, it is especially important to also 
carry an analog SPG so you know your gas reserves at 
all times, particularly in the event of a computer failure. 
Because I also had a redundant dive computer, I was able 

to continue diving and avoid staying out of the water for 
24 hours to revert to diving by tables. I kept myself safe 
while maximizing my time in the water. AD
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STAY PREPARED
Always consider “what if…” before a dive, and have a 
backup plan. All equipment can fail, and you’ll be better able 
to handle a situation if you’ve rehearsed an emergency plan 
than if you try to figure it out in the moment. 

Opt for redundancy when possible.
• Both traditional and air-integrated computers can fail, 

usually at depth and without warning. A backup SPG and 
computer can save a dive trip and keep you safe in an 
emergency situation.

Know your equipment.
• Study your computer’s manual, and learn the information it 

contains.
• Know how to interpret the computer display.
• Download to your phone a PDF copy of your dive computer 

owner’s manual. Most manufacturers provide these files 
for free on their websites. When you cannot figure out 
how to operate the computer while sitting on a dive boat, 
having access to the manual can save a dive and help 
avoid accidents.

YOUR DONATION MAKES A BIG 
DIFFERENCE IN DIVE SAFETY.
+  SUPPORT DIVERS EVERYWHERE 
 The DAN Emergency Hotline ensures that all divers  
 have 24/7 access to lifesaving medical assistance.  

+  HELP DIVE OPERATORS & PROFESSIONALS
 DAN believes that first-aid equipment should be  
 available at every dive site. Our grant programs  
 provide emergency equipment such as oxygen 
 and AEDs to dive professionals in need. 

+  ASSIST CHAMBERS 
 Through our Recompression Chamber Assistance  
 Program (RCAP) DAN works to ensure that safe, 
 quality hyperbaric care is available to injured divers  
 no matter where in the world they are.

+  BUILD SAFER DIVE COMMUNITIES 
 Our research helps establish industry standards and  
 deliver vital preventative measures and safety 
 resources to the global diving community.

DAN.org/GIVE
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EXPLORE ALL POSSIBILITIES
 By Marty McCafferty, EMT-P, DMT

THE DIVER 
The diver, a 32-year-old male, was an experienced 
recreational dive instructor. Approximately 18 months 
prior to the dive incident, he was injured in an all-
terrain vehicle accident, suffering serious injuries to his 
face and skull. He required multiple surgeries to repair 
and reconstruct the orbit of his left eye, both zygomatic 
arches (cheek bones) and his maxilla (upper jaw). Some 
of the fractures entered the maxillary sinus cavity. The 
diver’s maxillofacial surgeon authorized him to return to 
diving after a prolonged recovery. He gradually resumed 
diving with no problems or complications.

THE DIVE 
The diver was instructing a class of four students for 
their second day of open-water dives. The dive was 
planned with a beach entry and a brief surface swim to 
an area with a maximum depth of 30 feet, accompanied 
by a certified divemaster and an experienced rescue 
diver. When the group began to descend, the instructor 
immediately experienced intense pain on the left side of 

his face from his cheek to his forehead. The pain quickly 
progressed from distracting to incapacitating. 

The divemaster recognized that the instructor was 
having a serious problem and safely ascended with 
the students from about 15 feet. The rescue diver 
descended to assist the instructor, finding him on 
the bottom holding the left side of his face with one 
hand and securing his regulator in his mouth with the 
other. The rescue diver was able to assist the instructor 
in making a controlled ascent to the surface. They 
established positive buoyancy and reached shore. The 
pain was so severe that the divemaster called 911 and 
waited for emergency medical services (EMS) to arrive. 
The EMS crew performed a quick assessment and 
transported the instructor to the closest emergency 
department (ED), which was at the hospital where he 
had been treated for his previous injuries.

MEDICAL EVALUATION 
The ED staff administered pain-relief medication. The 
attending physician examined the diver and promptly 
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sent him for a CT scan of the head and face. Consulting the scans, the 
attending radiologist and maxillofacial surgeon who had previously 
treated him found no obvious signs of complications associated with 
the surgeries. The sinuses, orbit and other bones were healed, and no 
hardware had been displaced. There was no clear cause of the intense 
pain. The doctor prescribed pain medication and scheduled a follow-up 
appointment for the diver to see the maxillofacial surgeon. 

The next day the diver called the DAN® Medical Information Line 
(+1-919-684-2948) and told the DAN medical staff about his experience. 
Because the most likely cause of his symptoms was a complication from 
his previous injuries, the caller sought a referral to an ear, nose and throat 
(ENT) specialist with dive medicine experience. Fortunately, a suitable 
ENT in the DAN referral network was near his home. The specialist, who 
also suspected a complication from the diver’s previous injuries, could 
not offer a solution other than to continue taking the medication and 
following up with his surgeon. Ten days after the dive, his pain persisted 
and was relieved only by the medication. 

A DIFFERENT PERSPECTIVE 
Despite the pain, the diver kept a scheduled appointment with his dentist 
for an unrelated issue. During the examination the dentist was able to 
localize the pain in an upper bicuspid (tooth between the canine and 
molar). After taking X-rays, the dentist determined that the root of the 
tooth had an abscess and the tooth was cracked. It is likely that during 
equalization the diver unintentionally forced food, air or some other 
material into the tooth, which prompted pain associated with the exposed 
nerve. The dentist extracted the tooth, and there was purulent drainage 
from the socket, which is a sign of infection. The pain subsided as the 
fluid drained. By that evening the diver no longer needed to take pain 
medication, only an antibiotic to address the infection. 

CONCLUSION 
This case is an example of how easily prior medical history can become 
a focal point. A history of severe injury certainly warrants an evaluation 
of the previously affected areas, but this focus should not happen at the 
exclusion of other possibilities. The doctors, the specialist and DAN medics 
all lost objectivity to the physical discomfort of the patient. Fortunately, his 
situation was not life-threatening, although he required pain medication 
longer than he would have with a more thorough evaluation. It is 
imperative to try to avoid opiate use for any longer than necessary. 

Every misstep is a teachable moment: All of us in DAN Medical Services 
learned from this case to remain diligent in our evaluations and avoid 
tunnel vision. AD

Medical imaging and 
prior history are important 
pieces of the diagnostic 
puzzle that cannot be 
overlooked, but they 
are not the only pieces. 
Symptoms do not always 
point to just one definite 
cause, so it is often just 
as important to continue 
listening to the patient 
and exploring options  
that might not be 
immediately apparent.
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A
mong the lessons we’ve learned from 
accident and incident reports is that 
fires can occur almost anywhere, 
including dive centers, equipment 
stores, workshops, fill stations, boats 
and vehicles. To better manage the 

risk of fire, we need to consider a few basic principles. 
First, fire is fast, hot and deadly. When a fire breaks 

out, there is little time to think or react. We need to 
know right away what to do and then take all the steps 
required to contain the fire and manage the situation.

Second, three elements are required to create and 
sustain fire: flammable material, oxygen and an ignition 
source. Fire is essentially a chemical reaction between 
fuel and oxygen triggered by a heat source. Knowing 
these elements is useful because removing, containing 
or controlling any one of them can prevent a fire.

The most manageable fire is one that is prevented. 
Prevention, however, requires us to be aware of many 
potential ignition sources. Here is a list to help you 
identify areas of concern.

Electrical concerns
• overloading electrical power outlets
• positioning electrical heaters incorrectly
• leaving appliances on when not in use
• removing plugs from outlets before turning  

off appliances
• placing power cords under carpets or in traffic  

areas using damaged wiring and plugs

Machinery and equipment
• providing poor maintenance, which can lead to 

overheating and excessive power draw
• placing machinery in congested areas, among other 

equipment or surrounded by flammable materials
• disregarding oil leaks, drips and spills
• using heating tools in a workshop where combustible 

materials are present
• lacking appropriate electrical grounding and ground 

fault protection systems

Chemical reactions
• allowing chemicals to mix as a result of poor storage, 

spills or leaks
• keeping pool chemicals, cleaning solutions, solvents, 

gasoline or paints in unsafe or uncontrolled areas

Spontaneous combustion
• keeping excessive amounts of oil-soaked rags in  

one place
• leaving lids off volatile products
• allowing large amounts of decaying organic materials 

to collect in an uncontrolled space

Human behaviors
• smoking, especially in areas of concern 
• disposing hot ash in garbage bins
• packing or storing together combustible materials 
• allowing messy and cluttered workspaces
• being ignorant

Gases and volatile fuels
• storing more oxygen or flammable liquids in one 

location than necessary 
• placing oxygen and flammable gas cylinders on hot 

surfaces or in a hot environment
• servicing, connecting, transferring or using oxygen in 

areas that contain heat sources or are not oxygen-clean
• using faulty equipment
• allowing smoke, welding, brazing or open flames 

near flammable gas cylinders or liquids
• providing insufficient ventilation in rooms where 

oxygen or flammable gases or liquids are used or stored

Be aware that not all fires are the same. Managing 
different types of burning materials or structures can 
require entirely different containment and extinguishing 
actions. Taking inappropriate action or using an 
improper firefighting product can cause more damage to 
buildings, equipment or people than the fire itself.

While prevention is key, being aware, prepared, 
trained and equipped will ensure the best possible 
outcome in a fire. Do not try to be brave; if you are 
unsure, untrained or responsible for others, evacuate, 
and leave the firefighting to the professionals. AD
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TOFIRE SAFETY IN THE 
DIVE INDUSTRY 
By Francois Burman, Pr. Eng, MSc.

The best way to control a fire is to never have one start. Some 
simple steps will prevent the most common causes. 

PREVENTION IS PARAMOUNT.



WHEN AN INJURY HAPPENS, YOU MAY  
HAVE ONLY MOMENTS TO RESPOND. 
BE PREPARED WITH NEW SAFETY GEAR FROM DAN.

Every day, divers and emergency-response personnel around the world trust DAN safety gear to  
perform in an emergency. That’s because DAN products are developed, tested and refined with input 
from leading researchers and doctors. Built to withstand even the harshest marine environments,  
DAN safety gear helps ensure you are always ready to respond at a moment’s notice.  

OXYGEN UNITS  |  FIRST-AID KITS  |  ACCESSORIES

DAN.org/STORE

Explore with DAN
@diversalertnetwork

WHAT’S INCLUDED?

n Global Coverage

n Bodily Injury and Property Damage

n Refusal to Train

n Unlimited Defense Costs

n Backed by Lloyds of London 
 and Gen Re

WHY CHOOSE DAN? 

n Low premiums help support dive professionals

n Coverage addresses real-world demands  
 of instructors and dive leaders

n Proceeds from DAN Liability Insurance are 
      reinvested to support dive safety initiatives

n DAN Members save even more 
      on insurance premiums

n No retroactive date — covers new 
 claims from all past incidents, provided 
 you’ve had continuous liability coverage

Learn more at 
DAN.org/liability

RISK RETENTION GROUP

Customize your plan by adding technical diving endorsement, 
rebreather endorsement, equipment liability and excess liability coverage.

NOW AVAILABLE

SET THE STANDARD WITH DAN
PROFESSIONAL LIABILITY INSURANCE.
As a dive professional, you’ve recommended DAN to your students for protection and 
security for years. Now, with DAN Professional Liability Insurance, you can depend on 
that same proven experience to provide professional-level protection for you. So set 
the standard for your students. Set the standard with DAN.

AD_ProLiabilityAd_FullPage.indd   1 7/11/18   10:42 AM



70  |  FALL 2018

TEXT  AND  PHOTOS  BY  ALEX  MUSTARD

If I blink I might miss it. One moment our dive guide, Jimmy, is hunkering down among the boulders at 
Wolf Island’s Landslide dive site, sheltering from the current. The next moment he bolts into the blue and 
toward the limit of my visibility. I don’t see anything out there, but after two days in Galápagos, I am already 
a firm believer. I race into the flow, pumping my fins, swimming parallel with his track and straining my eyes. 
Suddenly the effort all makes sense — a giant is approaching.

I had almost forgotten how big whale sharks can get; all my recent encounters in Asia and Mexico were with 
20-foot youngsters. This female is ginormous, a conservative 45 to 50 feet long, while above her is a swirl of 8-foot 
scalloped hammerhead sharks, looking barely larger than remoras through my fisheye lens. I swim alongside the 
colossal shark, my legs burning with exertion, hoping to eke out as much time in her presence as I can. 

G A L Á P A G O S
EXPECT THE UNEXPECTED
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Five female Galápagos sea lions 
(Zalophus wollebaeki) are hauled out 

on a beach on Española Island.

With my lungs fit to burst, my sprinting fades as I watch the whale shark lazily swim off into the blue, and I 
head back to the drop-off. I settle back among the boulders to catch my breath and catch up with my buddies. 
Soon we’re treated to close passes by patrolling Galápagos sharks that look a lot like supersized Caribbean reef 
sharks. Beyond them a seemingly endless conveyor of hammerheads weave into view and then vaporize back 
into the hazy waters. It is a mesmerizing panorama.

Jimmy signals that time is up for this dive, and we swim out to the blue and perform our safety stop drifting 
below his surface marker buoy. Below us groups of hammerheads continue to materialize and vanish, and four 
young 5-foot silky sharks circle and inquisitively stare at us with their darting, feline eyes. We see three more 
whale sharks that day. Galápagos is truly living up to its reputation as the sharkiest place on the planet.

G A L Á P A G O S
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SMALL ISLANDS, BIG IDEAS
Ecuador’s Galápagos Islands — an archipelago consisting of 13 
main islands (five of which are inhabited), seven minor islands 
and more than 200 islets and rocks — sit about 600 miles off 
South America’s Pacific coast. Before they were the Galápagos, 
the islands were called Las Encantadas (meaning “enchanted” 
in Spanish) for the way they captured the imaginations of their 
visitors, most famously Charles Darwin.

The harsh volcanic landscapes of the Galápagos host 
creatures found nowhere else on Earth. The archipelago’s 
remoteness and stark landscapes left it unclaimed and 
uncolonized for a long time, protecting its endemic species 
from human intervention. This serendipity, combined with 
the founding of the Galápagos National Park in 1959, means 
that a full 90 percent of the islands’ original biodiversity 
survives in what has become a natural time capsule.

The tough, arid conditions of the Galápagos Islands have 
shaped much of both their human history and natural history. 
Quite simply, these are difficult islands to settle: Where humans 
adapted strategies to manage the Galápagos’ environmental 
adversity, nature responded with biological adaptation over 
the generations. The islands support 7,000 species of flora and 
fauna, and an astonishing 97 percent of the reptiles and 80 
percent of the land birds exist nowhere else on Earth. It is little 
wonder how a curious mind like Darwin’s was prompted to 
consider the origin of species after visiting the Galápagos. 

While life on land for the creatures of the Galápagos may be 
difficult, these challenges do not extend under the surface. For 
ocean life, the archipelago is an Eden providing almost perfect 
conditions year-round for marine species to flourish with a 
magnitude and vitality few locations on the planet can match. 

While the archipelago straddles the equator, the waters 
around Galápagos are not the picture-perfect crystal blue of 
the tropics because of the composition and location of the 
islands, which are actually the tips of a 3-mile-high volcanic 
ridge spiking precipitously from the ocean floor. Four 
major ocean currents converge and collide with this barrier, 
forcing fertile, deep ocean water to the surface. Here the 
water encounters high-octane tropical sunlight that sparks 
an explosion of phytoplankton and in turn supercharges the 
entire marine food chain. These nutritious waters are the 
reason that the seas of the Galápagos churn with fish, which 
in turn feed large populations of predators, including sharks, 
whales, dolphins and Galápagos sea lions in addition to the 
islands’ vast colonies of seabirds. 

The archipelago’s swirl of currents also contributes 
to the area’s incongruous mix of microclimates, each of 
which provides habitats for a different set of species. These 
microclimates lead to the surprising juxtapositions of, for 
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A marine iguana (Amblyrhynchus cristatus) is silhouetted 
at the surface near Cape Douglas, Fernandina Island.
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A tourist photographs a blue-footed 
booby (Sula nebouxii) and chick on 
Española Island while a National 
Park Guide looks on.
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example, flamingos living beak to beak with penguins. 
For the diver, it makes packing a nightmare but the 
underwater spectacle a dream; on the surface we have 
to layer garments, but underwater we get a lifetime’s 
quota of world-class dive experiences on a single trip. 

While the liveaboard experience provides the varied 
thrills of each new day’s totally distinctive underwater 
wonders, it cannot be overstated that Galápagos 
diving is often very challenging. Conditions are hard 
to predict: The water is regularly cold, visibility is 
poor, and strong currents are common, which can be 
particularly intimidating in such a remote, open ocean 
location. Many divers find the challenge addictive 
because it makes the rich rewards all the sweeter. For 
others, this is a bucket-list location about which they 
will tell tales on every future dive trip, but one they are 
content to leave unrepeated. 

COLD WATER, COLD BLOOD 
How cold can the ocean be at the equator? The answer 
is surprising. Every diver has different tolerances to 
chilly water, but on the dives along the western edge of 
the archipelago, the ocean is cold enough that everyone 
on my trip feels it and complains, even if they never 
miss a beat before signing up for their next dives. Some 
members of my group have brought drysuits just for 
these dives, while others add heated vests; the rest of us 
beg and borrow every last piece of neoprene we can find 
on board. My computer says that this cold water from 
the Cromwell Current is 64˚F (18˚C), while Jimmy grins 
and says, “It’s warmer than usual.” 

The cold water attracts different species. We 
delight in encounters with playful Galápagos sea lions, 
especially the effervescent youngsters racing back and 
forth along the drop-off at Punta Vicente Roca at Isabela 
Island. Charming mature females babysit the pups as 
they blow bubbles at each other and at us, providing 
such a heart-melting distraction that some of our group 
stay with them for the whole dive rather than head 
down to see the Mola mola at the cleaning station 100 
feet below. These bizarre sunfish look almost inanimate 
as they wait for the attention of the school of Mexican 
hogfish that stay busy picking off parasites. 

In the shallows, dozens of endemic Galápagos turtles 
gather to feed on algae. They are vegetarians like their 
cousins, the green turtle, but evolution has darkened 
their pigment to a deep khaki to help them absorb 
the sun’s warmth. The award for the most curious 
coloration goes to the harlequin hogfish, which is also 
specific to this region. The young wrasses are a drab 

gray, but as they mature each brightly colored organism 
develops a unique pattern, similar to those produced 
by selective breeding in domestic koi carp. We delight 
in seeing a large white individual with orange and black 
blotches, which would be called sanke in koi circles, 
chasing smaller fish around a pinnacle. Darwin, I am 
sure, would be fascinated by this confluence of the signs 
of artificial and natural selection.

A streak of silvery bubbles flashes past, and as my 
eyes play catch-up I spy my first penguin underwater. 
Given the water temperature, perhaps I shouldn’t be so 
surprised by its appearance. The small penguin is so fast 
that I can’t pan my camera through the water quickly 
enough to keep it in frame. It swims with clockwork 
wing beats as it loops around and through a small 
school of baitfish, vanishing as suddenly as it appeared. 

Our guides save the best of the cold water for last, 
when they take us to visit Cape Douglas on Fernandina 
Island to swim with marine iguanas. Descended 
from land iguanas that were carried to the island on 
driftwood and found nowhere else on Earth, these 
creatures provide a classic example of how the unusual 
Galápagan conditions of life have provoked unique 
evolutionary adaptations. Although the islands would 
have seemed like safety, the barren volcanic landscape 
provided little plant life for sustenance. Instead, the 
marine iguana’s ancestors turned to the rich ocean, 
learning to dive down and feast on the lush algae. While 
food is plentiful, the frigid water is a challenge for the 
cold-blooded reptiles, so they have evolved a black 
coloration that helps them heat up quickly both before 
and after diving. These miniature Godzillas dive with 
reptilian tenaciousness, gripping rocks as they chomp 
seaweed with their peglike teeth. They are not at all 
interested in us, but despite their single-mindedness, 
watching them is a major highlight for our group. 

LONE WOLF AND DARWIN ISLANDS
The Galápagos National Park carefully controls all 
diving to avoid overcrowding and protect the islands’ 
unique ecosystems. Boats get permission to be in 
certain places at certain times, and a boat cannot 
extend its stay, however good the diving is. 

The Wolf and Darwin islands in the far north are 
what made the Galápagos famous with divers. An 
overnight steam over the horizon from the rest of the 
archipelago, the waters here are warmer and thick with 
life. Because nondiving tourists don’t visit here, the 
location always has a true frontier feeling. Most dive 
liveaboard trips to Galápagos therefore visit both Wolf 
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H O W  T O  D I V E  I T

GETTING THERE: No international flights fly directly 
into Galápagos; instead you must fly through one of 
Ecuador’s airports in Quito or Guayaquil. These are easy 
to reach internationally, but schedules usually require 
an overnight layover outbound. The best diving can 
be accessed only by liveaboard. Ecuador uses the U.S. 
dollar as currency. All visitors to the Galápagos must 
pay a $100 park fee and a $25 transit card fee.

CONDITIONS: Conditions are variable, unpredictable 
and challenging. Prepare for strong currents, surge, 
limited visibility and water temperatures that vary from 
the low 60s°F to the 80s°F. Bring a reef hook, tough 
diving gloves and a large surface marker buoy and reel 
to deploy from your safety stop. Many divers choose to 
bring whistles, horns and even personal locator GPS 
beacons to help the boat quickly find them if drifting 
at surface. Because of the tricky conditions, it is 
important to stay with your guide.

TOPSIDE: All dive liveaboards include a few land tours, 
and photographers should bring a telephoto lens for the 
amazing opportunities. Many people choose to arrive a 
few days early or book an additional weeklong land-tour 
liveaboard to allow for more topside sightseeing.

and Darwin with longer itineraries, spending two days  
on each. 

Most dives here involve hooking or clinging to the 
rocks while trying to hide from the current. Our guide 
usually chooses a spot near a prominent cleaning station, 
usually set up by barberfish (a yellow butterflyfish) or 
attractive king angelfish. There is no need for us to swim 
because the combination of cleaner fish and currents 
means that amazing marine life of all sizes parades past us 
until our dive computers beep that time is up. 

Groupers, giant hawkfish and morays perch and poke 
out from between the boulders, while freeways of Pacific 
creolefish endlessly sweep past. Schools of bigeye trevally, 
bonitos, barracuda and tuna pitch up from time to time, 
sometimes in huge numbers. Then there are the big boys: 
Turtles are so numerous we start to ignore them, and 
eagle rays give close passes as they soar on the currents; 
sharks, particularly hammerheads, swarm in large 
numbers here and throughout the entire archipelago. 
Sometimes they come close enough for pictures; 
sometimes they stay frustratingly out of reach of my 
wide-angle lens, at the limit of visibility. But it is always 
completely captivating to watch their distinctive rocking 
movements as they sweep past or swoop in to be cleaned. 
Many have scars and scratches — it must be a tough life 
being a hammerhead.

A large pod of bottlenose dolphins is resident at Wolf 
Island, and we are lucky see them a few times, their whistles 
signaling their arrival. Darwin Island is also a celebrated 
cetacean migration waypoint where world-class encounters 
are always possible. The common appearance of the 
unexpected is a key part of the DNA of Galápagos diving, 
and it means that every dive trip here is unique. When you 
compare notes with other divers, they will all have tales of 
that once-in-a-lifetime dive that is at once totally different 
from and as equally amazing as yours — just another reason 
that diving in the Galápagos is so addictive. 

EPILOGUE
As a traveling scuba diver, I cannot avoid evidence that 
the oceans are in trouble. So many destinations lack 
sharks and other great creatures. Even on some of the 
most vibrant reefs we can be left wondering where all the 
big fish have gone. As little as a decade ago I’d rarely see 
plastic on my dives, but this is no longer the case. Diving 
the Galápagos refreshes the soul. Seeing the ocean as 
nature intended it — unpolluted and packed with life — 
is enriching and inspiring. The dives are white-knuckle 
rides, but you surface exhilarated and fulfilled, ready to 
ride again. This is the ocean as it should be; this is diving 
turned up to 11. AD
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Opposite, clockwise from top left: An endemic Galápagos 
barnacle blenny (Acanthemblemaria castroi) looks out from 
its home in an old barnacle shell on Cape Marshall, Isabela 
Island. A shiver of scalloped hammerhead sharks (Sphyrna 

lewini) approach a cleaning station on the reef at Wolf 
Island. A young Galápagos sea lion (Zalophus wollebaeki) 

holds a red-lipped batfish (Ogcocephalus darwini) in its 
mouth; the sea lion was using the living batfish as a toy, 

dropping and chasing it as it tried to escape at Punta 
Vicente Roca, Isabela Island. A group of Galápagos green 
turtles (Chelonia agassizii) feed on algae in shallow water 

off Floreana Island. A large female whale shark (Rhincodon 
typus) swims past divers and beneath hammerhead sharks 

at Wolf Island. A giant oceanic manta ray (Mobula birostris) 
glides by at Cousin’s Rock, Santiago Island. 
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A snorkeler explores the pristine reefs 
of the Bunaken National Park in the 

shadow of Manado Tua volcano.

I have to confess: We can be lazy if left to our own devices. We’ll 
select a single dive destination, park our stuff in a room and 

proceed to dive ourselves silly from there. What a regrettable 
mistake that would be in North Sulawesi, Indonesia.

TEXT  BY  ALL ISON  SALLMON ; 
PHOTOS  BY  ANDY  AND  ALL ISON  SALLMON

LEMBEH STRAIT, BANGKA ISLAND 
AND BUNAKEN ISLAND

North Sulawesi Trifecta
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LEMBEH STRAIT: MY WORLD, ROCKED
It’s my first afternoon in Lembeh, and my old nemesis, 
jetlag, has caught up with me. I’ve stopped following 
my eagle-eyed guide and am instead zoning out in front 
of a ratty clump of bryozoan watching a mantis shrimp, 
with its cartoony colors and bad attitude. Then I hear a 
low rumble. The shrimp senses it as well and zips back 
into his den. The roar becomes louder, and I look down 
to confirm that the ocean floor is moving. 

I’m from California. I know what an earthquake sounds 
like and feels like; this, my friends, is an earthquake. Andy 
and I glance at each other in surprise and watch the low 
coral reef around us shake gently for a minute or two before 
it finally slows to a stop. I can’t help but think that North 
Sulawesi is sending me a message: “Hey, pay attention!”  

I feel a brief flash of embarrassment — I shouldn’t 
need a reminder. Lembeh Strait isn’t a place to zone 
out, at least not while you’re in the water. It’s a place to 
carefully look around, twice if necessary — a place to 
scrutinize every crinoid, sponge and patch of sand as 
amazing creatures can be found nearly everywhere.

My wake-up call is well-timed, because the glorious 
muck of the strait struts its stuff in a big way during 
our visit. We begin the second day at some of Lembeh’s 
famous black sand sites on the mainland side of the 
passage. TK, which looks barren from above, produces 
a wonderpus and longarm octopus, several devil 
scorpionfish, ribbon eels galore and gobies in every 
bottle. Nearby Aer Prang seems to have an overarching 
theme: lunchtime. We spot feasting nudibranchs and an 

The coastline of this peninsula stretches more 
than 1,100 phenomenal miles. The waters 
here hold astonishing coral reefs, some of 
the most extraordinary and gregarious ocean 
creatures on the planet and — for your 
surface interval viewing pleasure — exquisite 
topside vistas to tie it all together.  

The protected waters of Bunaken 
National Park are home to so many 
sea turtles that they become a 
common sight after a day or two.  

Opposite, clockwise from left: A 
pair of ribbon eels gapes from 
their den at Teluk Kambahu (TK) 
in Lembeh Strait. Lembeh Strait’s 
Police Pier is a hot spot for mating 
mandarinfish at dusk. A hairy 
frogfish waddles across the sand at 
Aer Prang in Lembeh Strait, hoping 
to lure in its next meal.
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enthusiastically hunting cuttlefish 
before we begin following a free-
swimming black-finned snake 
eel that’s poking into every hole 
and nook in search of a meal. 
He promptly leads us to one of 
the area’s star residents: a hairy 
frogfish parading (well, waddling) 
hungrily across the sand, waving 
his lure like a flag.  

You can bet your own next meal 
that I’m paying attention now, 
and I mentally create a list of the 
weird and wondrous creatures 
I’d most love to see over the next 
few days. The reef adjacent to 
Police Pier gets me close to more 
than a few; a single dive at this rubbly reef provides 
photo ops with juvenile painted frogfish, barramundi 
and batfish as well as a gorgeous harlequin shrimp. 
It’s a no-brainer to return to this reef at dusk, when 
the shallow staghorn corals become a hotspot for 
dozens of canoodling mandarinfish. I’m able to cross 
off the list a classic local critter at Aer Bajo, where a 
resourceful coconut octopus has constructed a den 
from clam shells.  

Before the week is over, we also make a point to hit 
the southern part of the strait to tick off a few final 
residents. At Goby-a-Crab, we scour soft and whip 
corals for gobies and search fire urchins for Coleman 
shrimp. We meet any remaining commensal shrimp 
quota at Pulau Abadi, where we find cleaner shrimp, 
anemone shrimp and emperor shrimp in quick 
succession. With our critter list largely fulfilled, it’s 
time to venture outside of the strait to visit some of the 
lushest, richest reefs in the world.  

BANGKA ISLAND: TANGERINE DREAM
Our boat pulls up next to the boiling froth of water 
and foam that marks Sahuang, one of the area’s most 
renowned sites. “You came from Lembeh, right? Well, 
don’t worry,” our guide says wryly. “We have frogfish in 
Bangka, too.” 

Darn right they do. We descend toward a massive, 
dome-shaped seamount, and not five minutes later 
I’m face to face with what has to be the smuggest giant 
frogfish on the planet. The handsome, butter-colored 
fellow preens from his perch — an orange sponge 
that’s impeccably positioned on a ledge layered with 
sumptuous orange soft corals. Sunrays glint over one 

side of the ridge, creating a scene that’s ludicrously 
gorgeous. I snort enviously at the frogfish, and he stares 
defiantly back at me, secure in his ownership of such a 
magnificent piece of property. 

I could stay here all day, but our guide has started 
to move on, and now I’m curious. If this is the scene 
we’ve dropped in on, what’s around the corner? I kick 
toward the end of the ledge and am promptly walloped 
by a stiff current, a challenge that’s worth the effort. 
As I look around, I realize that the frogfish’s home isn’t 
unique in its loveliness. Every ridge is covered with 
masses of orange-hued soft coral, cup coral, fans and 
sponges, ranging in shade from the deepest yellow to 
the brightest crimson. Following our guide, we let the 
flow whip us around the site, tucking behind rocks and 
boulders to take in the view when we can.  

We climb back aboard the boat and motor around 
the edge of the island to Batu Gosoh (which means 
“sharpening stone”), appropriately distinguished by surf 
washing over a corner of stark needlelike rocks. A small 
wake on one edge of the pillars portends the current, 
which our guide says is nearly omnipresent at this site. 
Underwater, the topography is similar and dotted with 
precariously balanced anemones, clusters of red whip coral 
and copious tufts of golden soft coral. Andy and I attempt 
to model for one another, but after being tossed butt-over-
teakettle a few times, we give up, deciding instead to weave 
bravely between sharp rocks toward the other side of the 
point, where a school of mackerel immediately whizzes 
past, with a few hungry dogtooth tuna in hot pursuit.   

From the boat, Batu Pendita appears to be 
a nondescript wash rock, but I’ve learned that 
“nondescript” doesn’t extend beneath the ocean’s surface 
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in Bangka. The current at this site can be extreme; 
although we’ve timed our visit for slack tide, a hum 
of urgency penetrates our preparations, and we know 
we’re on a strict timetable before our dive becomes a 
3-knot whirlwind. Under the surface, the color and life 
are spectacular. Obligatory layers of orange soft coral 
cover every available surface not occupied by cup corals, 
and darting clouds of anthias accessorize the whole 
setup. The bacchanalia has attracted a few hunters: 
Ravenous lionfish and the occasional color-coordinated 
scorpionfish can be found where the anthias are thickest. 
In the distance, I can even make out a few big-boy 
predators, including barracuda and gray reef sharks. 

We’ve battled a lot of current over the past day or two, 
and now the fatigue must show. On our final afternoon, 
our guide glances at our weary faces and directs the 
captain toward Peter’s Sponge, a site located in a small, 
protected bay. The seafloor here is alternately lined with 
white sand and seagrass, the latter making this the most 
common place for lucky divers to spot one of Bangka 
Island’s most beloved residents: the dugong. This site 
is otherwise known for incredible macro photography; 
since we’ve missed the optimal tidal timing to see one of 
these amazing mammals, I leave behind my camera with 
a wider lens. Despite the exhaustion that keeps me nearly 
stationary and the paranoia that compels me to glance 
over my shoulder every three seconds for the (absentee) 
dugong, I easily find several longarm octopuses and a 
colorful flamboyant cuttlefish. I’ll sleep well tonight, and 
that’s a good thing — tomorrow we’ll begin exploring one 
of the oldest marine parks in Indonesia.

BUNAKEN ISLAND AND MANADO: 
INCONVENIENT TURTLES
As we motor from our resort in Manado toward the 
island of Bunaken, the centerpoint of Bunaken National 
Park, our guide reminds us of a few critical points: 
This area has been protected since 1991, meaning no 
touching the coral, no harassing marine creatures and 
certainly no taking marine life as souvenirs. After the 
park briefing, a young coral researcher who has spent 
the past few weeks here sidles up to us to provide her 
summary impression of Bunaken, one that’s a bit more 
illustrative: “I’m here to study coral, and most mornings 
I photograph and document the different corals within 
the park. The problem is that there are too many 
turtles and fish at Bunaken.” She sighs in exasperation. 
“They’re forever getting in the way of my coral shots!” 
We wait for the punchline, but none comes. It’s clear 
from her unwavering frown that this woman is 100 

percent serious. Andy and I glance at each other 
in amusement, and then we profusely thank the 
researcher and rush over to check our camera batteries.

We’re in the water for less than a minute at Sachiko’s 
Point when we happen across our first green turtle, and 
it’s no fluke. As we swim along the lavish, sheer wall, we 
try valiantly to pay attention to multihued soft corals, 
large sea fans and gigantic barrel sponges, but it’s tough 
to concentrate when a turtle goes paddling past or a 
large school of fish streams by every two minutes. My 
hopes for one lovely reef scenic are dashed when a small 
cluster of feeding mackerel distracts me, and I blunder 
another opportunity when a table-sized hawksbill turtle 
meanders over and begins chomping into a sponge right 
next to me. I’m not made of steel, after all — how can 
I resist turning my attention to either one? It’s not long 
before I’m starting to see the coral researcher’s point. 

By the time I dive Fukui, a sloping reef constructed of 
piles and pillars of hard coral, I have decided that maybe 
plans are made to be changed. I almost immediately 
forget my initial goal — to view the cluster of giant 
clams for which the site is known; between the fish 
schools streaming over the sloping hard coral reef and 
a gregarious pair of green turtles that stalk me in tag-
team formation, I never see a giant clam. When I get 
to Bunaken Timor, I’m readily ignoring the towering 
hard coral wall and door-sized sponges in favor of the 
hawksbills that lazily saunter past every few minutes.

The only turtleless dives we do on this side of 
Sulawesi are at the sites just adjacent to Manado, 
where the macro subjects nearly rival those we saw 
in the Lembeh Strait. The artificial reef of motorbikes 
at Tanjung Papaya offers up a cooperative crinoid 
shrimp, whip coral gobies and a glowering estuarine 
stonefish; at Bulo we photograph anemonefish and 
pairs of nudibranchs without a single interruption.

We find that we’re missing the turtles, however, so we 
make one last late-afternoon dash over to Bunaken to 
dive Lekuan, a soaring wall famous for large numbers of 
turtles. We’ve arrived after the morning rush of divers has 
subsided, which probably explains what we encounter: 
dozens of green and hawksbill behemoths passed out in 
every crack and crevice like college kids after exam week.  

That night, hours after I’ve packed my gear for the flight 
home, I’m awakened by a gentle tremor — another tiny 
earthquake. Even I can’t fathom that a second message is 
encrypted in the seismic rumbling, so I close my eyes and 
zone out, thinking of smug frogfish and cranky mantis 
shrimp, astonishing reefs and gregarious turtles, and of 
the overwhelming abundance of North Sulawesi. AD
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Bangka Island’s lush reefs are 
covered with fiery orange soft 

corals and cup corals.

CONDITIONS: The North 
Sulawesi province encompasses 
the northern peninsula of the 
island of Sulawesi. The dry 
season spans May through 
September and is generally 
accompanied by cooler water 
(75°F to 79°F), good visibility 
and calmer winds. The rainy 
season is from November 
through April and offers higher 
water temperatures (79°F to 
84°F), though visibility can be 
lower. Typhoons rarely affect 
this region.  

GETTING THERE: Several airlines 
fly into Manado, which is an 
excellent jumping-off point for 
divers visiting the area. Manado 
and the adjacent Bunaken 
National Park are located on 
the northwestern part of the 
peninsula, with Bangka Island 
near the northeastern coast and 
Lembeh Strait to the southeast. 
Resorts can often arrange a 
combination of land transfers 
and water taxis for divers who 
wish to visit more than one 
location during their stay,  
and a few offer “boat diving” 
transfers for those who prefer  
to dive lesser-visited sites as 
they make their way around  
the peninsula. 

A recompression chamber is  
in Manado.

How to Dive It
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I
n 1708 British warships sank the 
Spanish galleon San José, dubbed the 
“holy grail of shipwrecks,” near the 
port of Cartagena, Colombia, during 
the War of the Spanish Succession, 
killing all but 11 of its 600-person 
crew. The storied 62-gun, three-
masted warship was thought to 

be carrying six years of accumulated taxes and 
profits — more than 200 tons of gold, silver and 
emeralds — collected from Spanish colonies in 
Latin America to help finance the king’s war effort. 
When the ship met its fate, it was the largest 
warship among a Spanish fleet sailing to Cartagena 

The Spanish galleon San José is considered 
the world’s richest shipwreck, carrying 200 
tons of gold and treasure, now valued at 
almost $20 billion. British warships sank the 
San José off the Colombian coast in 1708 
during the War of the Spanish Succession. 

Inset: Using the passenger submarine 
Auguste Picard, a 1981 expedition found a 
major target and wood samples of the right 
age but could not definitively confirm the 
wreck was the San José.

BY  M ICHAEL  MENDUNO

THEQuest FOR 
THE

Holy Grail
OF Shipwrecks



from Panama before a planned return to Spain. Its cargo 
is estimated to be worth as much as $20 billion, 50 times 
that of the famed Atocha wreck, which would make it 
the richest treasure ship on record. Various entities have 
endeavored to find the sunken galleon, especially with 
such a treasure presumably somewhere on the seafloor.

UNCERTAIN RESULTS
In 1979 the ocean salvage company Glocca Morra 
requested permission to explore for the San José and 
other valuable shipwrecks lying off the Colombian 
coast. Colombia’s maritime authority, Dirección 
General Marítima (DIMAR), in January 1980 awarded 
the company a license to conduct a two-year, three-

phase exploration and reconnaissance operation to 
locate shipwrecks within a specified area. The license 
entitled Glocca Morra to 50 percent of any treasure 
that it found as per Article 701 of Colombia’s civil code 
but required that government officials be present to 
monitor every step of the operation. 

In the first phase, which began in June 1980, the 
company spent four months surveying the area with 
side-scan sonar and identified dozens of potential 
targets from the sonar’s paper printouts. The crew and 
their government monitors returned in October to 
expand the survey area and investigate areas of interest 
using side-scan sonar, a continuous transmission 
frequency modulation (CTFM) sonar for continuous 
scanning, a subsoil profiler to measure sediment 
thickness, and an underwater remotely operated vehicle 
(ROV). Equipped with a TV camera, still camera and 
specimen basket, the ROV was maneuvered by remote 
control from the ship and attached with a 5,000-foot-
long umbilical, making navigation imprecise. Over the 
next 10 months the crew identified several promising 
areas that contained wood debris and other man-
made objects and recovered a wood sample that was 
determined to be at least 300 years old.

In October 1981 Glocca Morra returned with a 
surface vessel and the repurposed passenger submarine 
Auguste Picard, which formerly carried tourists to the 
depths of Lake Geneva in Switzerland. It had three 
observation windows and was equipped with side-scan 
sonar, CTFM sonar, a subsoil profiler, a magnetometer 
and an underwater TV camera to investigate potential 
targets. Glocca Morra also deployed a transponder 
system for the sub to communicate with the surface 
and to help determine its position underwater.

On Dec. 10, 1981, the Picard’s side-scan sonar and 
magnetometer recorded a major target, which was 
investigated on subsequent dives. The crew found 
several large debris fields that they believed to be the 
San José. “It was right where our archival researchers 
said it should be,” recalled Jack Harbeston, managing 
director of Sea Search Armada (SSA), a partnership 
formed by Glocca Morra and other investors in 
November 1981 to help finance the mission. “The sub 
crew could see wooden ship spars, square nails that 
had rusted out and a cannon.” A second wood sample 
confirmed the wreck was the right age.

Glocca Morra filed a report of its findings with 
DIMAR in February 1982; the report included a map 
with the approximate coordinates of the San José. 
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Civilian long-range navigation (loran) systems or GPS, 
which is generally accurate to within 33 feet, were 
not available at that time, so the company had to use 
less-precise methods. The 1:80,000-scale nautical map 
(1 inch = 1.26 miles) was made using sextants, which 
are accurate to only 1 mile to 3 miles, and underwater 
triangulation. DIMAR subsequently acknowledged the 
find, and a year later the government approved the 
assignment of rights to Glocca Morra. 

By that time the company had invested more 
than $6 million and was nearly out of money. In 
1983 Glocca Morra transferred its rights to SSA, 
which raised an additional $5 million and took over 
management of the project. 

SSA was granted permission to revisit the target 
along with Colombian government observers in 1983 
with the hope of making a positive ID. The company 
shot video from the sub that showed the remains of 
a wooden ship approximately the size of the San José, 
but it was unable to make a definitive identification. 
Harbeston acknowledged that the evidence of the 
find was circumstantial, but the government would 
not let SSA return to the site for further verification 
and repeatedly denied SSA’s requests to salvage the 
artifacts the sub had found. SSA also filed claims 
on five other targets based on sonic and magnetic 
analysis. It was SSA’s last expedition to the site, so 
the San José remained officially undiscovered and the 
contents of its hold an enigma for 32 more years.

FINDING A NEEDLE IN A HAYSTACK
On Dec. 5, 2015, Colombian President Juan Manuel 
Santos announced that an international team of 
researchers working with his country’s Ministry of 
Culture had found the San José on Nov. 27, 2015. More 
than two years later, after having been released from a 
nondisclosure agreement, Woods Hole Oceanographic 
Institution (WHOI) revealed in May 2018 that it was 
responsible for finding and identifying the 300-year-
old shipwreck at a depth of approximately 2,000 feet 
using its REMUS 6000, an autonomous underwater 
vehicle (AUV) designed for searching the ocean floor. 
The prestigious nonprofit research organization 
conducted the search under the direction of British 
firm Maritime Archaeology Consultants (MAC) and in 
cooperation with the Colombian government aboard a 
Colombian naval research vessel.

Rob Munier, WHOI vice president for marine facilities 
and operations, first discussed the San José project with 
MAC’s lead archaeologist, Roger Dooley, while attending 

a conference in late 2014. In early 2015 they traveled to 
meet with representatives of the Colombian government 
and inspected the proposed Navy research vessel, ARC 
Malpelo, as part of WHOI’s due diligence.

It was not the first time the venerable 88-year-old 
scientific institution had been asked to find a high-
profile target. WHOI found the wreckage of Air 
France Flight 447 off the northeast coast of Brazil in 
2011, retrieved the data recorder from the cargo ship 
El Faro that sank during Hurricane Joaquin in 2015 
and recently participated in the searches for Amelia 
Earhart’s plane and the missing Argentine submarine 
San Juan. Their highest-profile discovery to date 
came in 1985, when a WHOI team — in partnership 
with the French oceanographic institute IFREMER 
— discovered the remains of the Titanic. WHOI also 
produced a photogrammetric map of the Titanic in 
2010. The San José would be the latest in WHOI’s 
history of using their considerable technology and 
experience to conduct difficult searches.

Larry Madin, WHOI’s deputy director and vice 
president for research, said their criteria for third-party 
projects are twofold: The request must come from a 
responsible party with appropriate legal authority and 
should require WHOI’s unique capabilities represented 
by its AUVs and operational expertise. “We have 
been approached by treasure hunters over the years 
but never engaged,” Madin explained. WHOI agreed 
to take on the San José project on an at-cost basis 
for services, time and equipment, just as they would 
operate under a research grant. “We were paid the 
same as if we had found rocks,” he said.

Created with support from the U.S. Navy, WHOI’s 
REMUS 6000 is designed for autonomous long-
duration mapping and surveying operations to depths 
of 6,000 meters (19,685 feet or 3.73 miles). The bright-
yellow, torpedo-shaped vehicle — measuring almost 
13 feet long and weighing close to 2,000 pounds 
— is equipped with a titanium pressure hull and 
rechargeable lithium-ion battery pack. It can travel at 
speeds up to 4 knots for up to 22 hours and follow the 
subsea terrain at a fixed depth. 

Munier described the San José search operation as 
“mowing the lawn.” Flying 230 feet above the seafloor at 
about 3 knots, REMUS uses side-scan sonar to image 
successive overlapping swaths of seabed. In addition to 
its inertial guidance system, the AUV relies on a series of 
deployed transponders that act like an underwater GPS 
to fix its position with an error of 1 meter per kilometer. 
At the end of an 18- to 22-hour run, the crew retrieves 
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the vehicle and removes the hard drive, which can 
contain up to a half terabyte of imaging data for expert 
analysis. They can then send back REMUS to photograph 
items of interest with its high-resolution digital camera. 
“It can literally find a needle in a haystack,” Munier said. 
This search, however, would be attempting to find a very 
old needle in a very deep haystack.

The WHOI team spent a week and a half aboard 
the Malpelo in June 2015 unsuccessfully searching 
for the San José based on a map provided by MAC. 
Unfortunately, they had to discontinue the operation 
because the vehicle was scheduled to be elsewhere. 

A few days after the team returned and resumed 
operations in November 2015, REMUS found what 
looked like a promising target. At that point the AUV 
had searched approximately 80 square nautical miles, 
an area slightly larger than Orlando, Florida. They 
redeployed REMUS to the site the next day and took 
high-resolution photos from about 30 feet above the 
wreck. A marine archaeologist was able to identify the 

San José from the dolphins carved on the cannons. The 
rest was history. “Finding the wreck wasn’t that big of a 
challenge,” Munier said, citing the relatively flat seafloor. 
“The hardest part was keeping it under wraps.”

Nearly 40 years after the first searches began, WHOI 
leveraged its technology and methodology to find 
what had eluded previous expeditions. There are still 
many unanswered questions about what will become 
of the San José; many claims of ownership have been 
made, and what should be done with the treasure 
and artifacts aboard is hotly contested. In a press 
conference alongside Colombian President Iván Duque 
Márquez in August 2018, Spain’s Prime Minister 
Pedro Sánchez voiced his hopes for a resolution: 
“The solution lies in finding a way to contribute to 
the intellectual enrichment, culture and history of 
humanity.” Although the outcome remains to be seen, 
delving through 300 years and nearly 2,000 feet of 
water to find the San José is the first step in uncovering 
an incredible piece of maritime history. AD

On Nov. 27, 2015, the San 
José was finally located 
in 2,000 feet of water. In 
association with Colombia’s 
Ministry of Culture, Woods 
Hole Oceanographic Institution 
utilized a sophisticated 
autonomous underwater 
vehicle, REMUS 6000, to 
search 80 square nautical 
miles of seafloor before 
finding a promising debris 
field. High-resolution photos 
revealed detail that proved 
the identify of the wreck, 
including the decorative 
dolphins on the cannons.  
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Safer Diving for All
TEXT  BY  MEGAN  DENNY
PHOTOS  BY  STEPHEN  FR INK

The DAN Hazard Identification and Risk Assessment (HIRA) program is designed to help dive operators and professionals 
shore up safety in all aspects of their operations. Interested dive operators can participate at one of three levels. The HIRA 
Level 2 assessment includes creating gear maintenance schedules to help prevent catastrophic equipment failures.

DAN UNVEILS A HIRA PROGRAM 
FOR THE DIVE INDUSTRY
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T
he best leaders, whether they’re 
CEOs or dive instructors, share 
their knowledge and experience 
with others to build stronger, more 
resilient communities. Through 
new injury- and accident-avoidance 

programs, Divers Alert Network® (DAN®) empowers 
divers and dive professionals with information and 
tools to make every dive safer. DAN’s latest initiative is 
the DAN Hazard Identification and Risk Assessment 
(HIRA) program — the first such in-depth and focused 
initiative in the dive industry.

Industries such as aviation and medicine utilize 
the HIRA approach to reduce the likelihood of 
accidents and injuries. Using incident data and a 
risk-prevention mindset, HIRA assessments can help 
operations systematically identify potential hazards 
and thereby avoid costly liability claims. The military 
and community-safety organizations also use HIRA 
programs to reduce the likelihood of dangerous 
accidents and prepare for unexpected emergencies by 
asking proactive questions such as the following:

• What hazards do we face?
• What is the likelihood of something going wrong?
• What are the consequences? 
• Can we remove or prevent the hazard? 
• In an emergency, what steps can we take to mitigate 

damage or injury?

HIRA FOR THE DIVE INDUSTRY 
Buddy checks, emergency action plans and safety 
training are just a few of the tried-and-true tools dive 
professionals and prepared divers use to make every 
dive safer. Unfortunately, incidents still occur.

DAN staff collect as much data as they can about 
dive accidents, including the circumstances leading to 
the problem. This information provides useful insights 
into the most common causes of dive accidents.

To help dive operators and professionals zero in on 
the factors most likely to cause an emergency situation 
or liability claim, DAN developed a HIRA program 
to specifically address the real-world concerns of 
the dive industry. DAN’s HIRA program is based on 
well-established HIRA practices in other industries 
and community-safety agencies including the U.S. 
Occupational Safety and Health Administration 
(OSHA) and the Federal Emergency Management 
Agency (FEMA). The program, which is 100 percent 

voluntary, is offered at no charge to DAN Businesses 
and DAN Pros. 

Just as dive instructors teach rescue diver students 
about scene assessment and global awareness, DAN’s 
HIRA program helps business owners, staff members 
and dive professionals objectively evaluate their business. 
“The primary goal of a HIRA assessment is to prevent 
an accident from happening — to be proactive instead of 
dealing with the unfortunate and costly consequences of 
an accident,” said Francois Burman, PE, MSc., director of 
Diving and Hyperbaric Safety at DAN. 

“The program is based on issues from dozens of real-
world dive operations; it’s not just theory, and it’s truly 
comprehensive,” Burman said. “Common issues include 
staff health and safety, filling-station hazards and the 
potential for slips and falls on the pool deck or dive boat.”

Three levels of HIRA assessments enable dive 
operations to systematically identify and reduce the 
likelihood, severity and impact of dive incidents in 
a progressive manner. Each assessment is available 
online, and dive operators or professionals can 
complete the assessments gradually or all at once. 
Participants can save evaluations along the way to 
allow for fulfilling additional training, updating an 
emergency action plan or addressing a hazard.

“DAN HIRA was designed with busy dive operations 
in mind — so even if participants have only 10 minutes 
to spare, they can log in and benefit from the program,” 
said DAN risk-assessment team leader Reilly Fogarty. 
“Of course, the more time you can spend working on 
it, the better the results will be. But you don’t have to 
complete the entire program to find ways to improve 
safety and reduce the risk of liability claims. It’s about 
education, awareness and changing the safety culture; 
it’s not about compliance.” 

Nearly two dozen dive operations in Florida, 
California and North Carolina helped to fine-tune and 
streamline the program. More than 60 dive operators 
around the world have already participated. Even 
the most experienced operators found unaddressed 
hazards such as an empty and badly corroded oxygen 
cylinder, lack of ear protection at the fill station or a 
need for grip tape in the boat head.

“By sharing the dive-accident information DAN has 
gained over the years, we want to educate and empower 
dive leaders to reduce risk,” Fogarty said. “The changes can 
be as simple or complex as staff time and resources allow.”

One HIRA participant, for example, identified 
the pathway to the dive center’s public restroom as 



HIRA Levels
DAN’s HIRA program helps dive operators identify 
and mitigate risks before they lead to costly or tragic 
injuries. The program, which is divided into three 
online assessments, is available at no cost to DAN 
Pros and DAN Businesses via DAN.org. Participants 
may complete all three levels in a week or as time 
allows. Operators who complete one, two or all three 
assessments will receive special recognition from 
DAN in addition to other promotional benefits.

HIRA LEVEL 1 ASSESSMENT
The DAN HIRA Level 1 assessment is a nine-step 
evaluation to verify whether a dive operation or 
dive professional has the essential emergency 
preparedness training and equipment. One 
example from the evaluation is to confirm that 
all first-aid and CPR certifications are current. 
This assessment can help a busy dive operation 
identify and correct some of the most common 
safety-related problems. 

HIRA LEVEL 2 ASSESSMENT
The Level 2 assessment takes a broader look at a dive 
operation’s procedures, equipment and emergency 
action plans. Upon completing the assessment, a 
dive operation might decide to do the following: 
• Train staff in basic first aid for hazardous marine 

life injuries.
• Schedule an emergency simulation drill.
• Provide hearing protection in the compressor room.
• Establish a maintenance schedule for first-aid 

kits and oxygen units.

HIRA LEVEL 3 ASSESSMENT 
The highest-level HIRA assessment is comprehensive, 
considering nearly every aspect of a real dive operation 
for optimal safety and risk management. While most 
dive operations will be able to complete the HIRA Level 
3 assessment online, an on-site assessment to assist 
in applying the program may be available. Designed 
for dive operations with multiple staff members, HIRA 
Level 3 applies only to DAN Businesses.

Once a dive operation identifies hazards and 
determines real risks, the solutions can be as complex 
or as simple as resources allow. To reduce the risk of 
a slip and fall on a slippery pool deck, a dive center 
could apply a nonskid coating or use mats. On dive 
boats, use of grip tape and grab bars may be the best 
options to prevent injury to divers and staff.

EMERGENCY ACTION PLAN TOOL 
DAN HIRA includes an emergency action plan (EAP) 
tool to help simplify the process of developing EAPs. 
The tool at DAN.org/EAP-Guide is accessible to 
everyone, so shop owners or managers can delegate 
plan creation among their staff as needed.
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a potential hazard. The route required customers to walk 
through a storage room where tanks stood upright and 
unsecured. To reduce the likelihood of injury, the dive center’s 
staff determined they had three good options: map out a 
designated walkway with colored tape, secure the tanks to the 
wall using bungee cords or move the tanks to another room.

No two dive businesses are alike, so DAN’s HIRA program 
includes optional hazard-assessment modules for dive boats, 
retail areas, equipment repair stations and others. In the training 
pool module, dive operations can assess their risk for injuries 
and claims due to slip-and-fall injuries or overuse of chemicals. 
Mitigation techniques may include applying an anti-slip coating 
and developing a chemical-monitoring and education procedure.

Securing expensive dive equipment is another aspect of 
DAN’s HIRA assessment. By installing alarms, cameras, 
smoke detectors and other devices, a business can reduce its 
risk of equipment losses due to fire or theft. Dive operations 
in areas prone to flooding could protect equipment by raising 
it off the ground using crates or installing shelves.

Unexpected liabilities can sink a business, but a proactive, 
prepared business can save money on repairs and liability 
costs. In addition to preventing costly, time-consuming and 
stressful incidents, a HIRA assessment supports a healthy 
bottom line. A dive operation with a reputation for safety 
ensures divers can book with confidence. A demonstrated 
commitment to safe diving can also help attract and retain 
top dive professionals. Dive operations that complete HIRA 
assessments have shown a dedication to safety and will 
receive special recognition from DAN. 

HIRA is a fundamental element of DAN’s ongoing work 
to cultivate a culture of safety in the dive community. The 
program is designed to help busy dive professionals accurately 
and efficiently assess all aspects of their operation to prioritize 
customer health and safety, ensure workplace compliance 
and reduce risk. If you have questions or want additional 
information, email RiskManagement@DAN.org. AD

Conducting thorough orientations, drills and safety briefings, using diver rosters 
and ensuring fill stations and cylinder storage areas are well maintained and 
organized are all important aspects of running a safe dive business. Participating 
in the DAN HIRA program, which is completely voluntary, can help dive 
professionals feel confident they’re doing everything they can to operate safely.

mailto:RiskManagement@DAN.org
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Many divers assume their chosen dive operator has the 
appropriate emergency equipment, a plan to handle emergency 
situations and staff trained in first aid and emergency oxygen 
administration. But as a certified diver, you bear the ultimate 
responsibility for your safety. Confident, prepared divers are 
sensible, not complacent, and responsible, not dependent.

Don’t feel reluctant to ask about a dive operator’s emergency 
procedures and commitment to safety. Most dive professionals 
and operators are firm advocates of dive safety and will be 
happy to answer questions.

Before you set foot in a dive center, first choose the level 
of service that meets your needs and experience. Do you want 
a one-stop shop that offers full logistical support, including 
guides, rental equipment, gas supplies and assistance with dive 
planning? Or would you prefer a more bare-bones, adventurous 
experience? Identifying how much interaction and assistance 
suits your style can help manage your expectations. A HIRA 
certificate on their wall will provide you with some degree of 
confidence that even the most economical choice of dive operator 
is committed to your safety.
 
Staff training: Verify that the operation’s dive professionals and 
boat crew hold appropriate qualifications. Ask about which staff 
are trained in CPR and first aid, where the emergency oxygen 
equipment and automated external defibrillator (AED) are located, 
and how many staff members have been trained to use them.

Professional attitude: The staff should be friendly but 
professional. Pay attention to how the dive staff respond to 
divers’ questions and concerns. Are their answers thorough and 
easy to understand? 

Cleanliness and order: Is the diving equipment in good order, 
and is the facility well-maintained? If rinsing basins are 
provided, check whether the rinse water is clean and clear; never 
rinse your equipment in stagnant-looking water.

Equipment quality and maintenance: All equipment should 
be well-kept and clean, especially gear — such as regulator 
mouthpieces and masks — that goes in the mouth or on the 
face. The dive staff should take time to explain the features and 
operation of any gear you purchase or rent. 

Air quality: Make sure your breathing gas and the tanks used 
to carry it are stored, handled and maintained with care. Every 
tank should have a hydrostatic-test inspection date stamped 
somewhere near its shoulder. Ensure that date is no more than five 
years old and that the tank shows no evidence of corrosion. Look 
for a sticker showing the tank’s most recent visual inspection. If a 
fill station is on site, it should be clean and orderly — look for a 
certificate of air-quality testing displayed nearby. 

Emergency equipment: Every dive operation should have an 
emergency oxygen unit and a first-aid kit. If you don’t see these 
items at the dive site or on the dive boat, ask about them. The 
emergency oxygen unit should be well-maintained and clearly 
visible. Check the oxygen cylinder for evidence of corrosion, 
and verify the current fill level. Constant-flow devices such as 
nonrebreather masks are single-use, disposable items; noticeable 
wear on these is a red flag. An easily accessible, well-equipped first-
aid kit should be near every shore entry point and on every boat. 

Boat safety: Vessels should be well-maintained and in good order. 
Confirm that an easily accessible emergency action plan (EAP) 
is on board. The boat deck should have an anti-slip surface, and 
entering and exiting the water should be safe and easy. 

Entry and exit procedures: Ask about recommended entry and 
exit procedures. When waves or currents are a factor, you want a 
procedure that minimizes your time on the surface. If boat traffic 
isn’t mentioned, ask about this potential hazard.

Comfort factors: Ask about the availability of drinking water, 
complimentary sunscreen in case you forget yours and shaded areas.

EAP: The more remote a dive site is, the more important emergency 
planning is. Ask to see the dive operator’s EAP before you sign up 
for a dive. If an operator or guide uses dive locations with varying 
conditions, look for an EAP specific to each location. 

When choosing a dive center, a demonstrated commitment 
to safety is as important as five-star reviews and enviable 
social media photos. Prepared divers take responsibility for their 
personal safety and well-being, know what questions to ask and 
avoid unnecessary risks. A prepared diver knows to look for the 
HIRA certificate.

Assume Responsibility for Your Own Safety
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EMPEROR SHRIMP ON NEMBROTHA NUDIBRANCH 
A snoot targets the light on a very small area, effectively directing the viewer’s eye to 
the subject of choice. You can eliminate the visually unnecessary parts of the animal 
and portray the essence of the moment.
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T E X T  B Y  S T E P H E N  F R I N K ;  P H O T O S  B Y  J E R O M E  K I M

MOBULA RAYS HUNTING SILVERSIDES
Inhabitants of the Misool region of Raja Ampat, Indonesia, these mobula rays and silversides are 
among the area’s most famous attractions. When shooting large schools of fish, I often prefer 
relying on available light rather than using a strobe. In this case I added just a touch of strobe to 
make the photo more dramatic and to more clearly separate the rays from the silversides. 

The methods of image capture have certainly evolved over the years. I remember the first time I read 
about an underwater photographer who had never shot film; it was in an article about Eric Cheng, the 
founder of Wetpixel.com. That fact was illustrative of a sea change in photographic technology. Now, a 
dozen years later, it is likely that many of the marine photographers doing significant work today may 
have never experienced the frustration of having only 36 film exposures on any given dive. It’s probably 
safe to assume that photographers born in the mid-1980s or later have never shot film. 

Where we see underwater photography has likewise changed. In the early days, we saw most images on 
the pages of books and magazines. Now, however, new, meaningful underwater photographs can regularly 
dazzle us on social media. It is through social media that I first came across the work of Jerome Kim.  

What struck me most about Kim’s work is his unique style. He is not a “spray and pray” shooter —  
someone who takes hundreds of images in the hope that one will be good. His images are far more 
considered and often demonstrate a high degree of technical expertise.

Soon after I discovered his work, I found out, to my great surprise, that Kim is not a full-time 
professional photographer. He is an architect with a consuming passion for underwater photography. 
Perhaps his professional background has helped to define his signature aesthetic.

THE SELECTIVE 
VISION OF
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BANDED PIPEFISH IN SHALLOW DEPTH OF FIELD 
Using an extremely shallow depth of field is an effective way to create 
a pleasant bokeh in the background. You can focus on some important 
spot (in this case, the eye of the pipefish) and make the other parts a 
background of complementary but not conflicting elements.
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nlike so many North American 
shooters, Jerome Kim didn’t spend 

his childhood enthralled by Sea 
Hunt or Jacques Yves-Cousteau’s 

television specials. He grew up in 
Pusan, South Korea, and his mother was from Geoje 
Island, where he visited during family vacations. The 
waters surrounding Geoje Island, the second largest 
island off the South Korean coast, are quite cold, but 
they are where Kim’s fascination with the sea began. 

Kim soon found himself in warmer waters; his 
parents’ work involved travel to the Philippines, which 
provided opportunities to dive in Anilao. He began 
diving there in 1991, even though he did not become 
a certified scuba diver until 1996. The location so 
enraptured him that he took his wife diving there on 
their honeymoon. He even opened his architecture 
firm there in 2000, landing some big Korean 
government projects in the area, including the Korean 
embassy building and the PEFTOK Korean War 
Memorial Hall in Manila. 

By 2005 photography had become a serious avocation 
for Kim. At the time he had a small point-and-shoot 
compact camera for souvenir photos and even, for a 
short while, a Nikonos film camera. His induction into 
serious digital photography began while diving in Puerto 
Galera one week; there he met a diver from Hong Kong 
who was shooting with a housed digital single-lens 
reflex (DSLR) camera. The diver’s results were so far 
superior to his own that he traveled to Hong Kong the 
very next week to buy a similar system. He began with 
a Canon EOS 400D in a Sea and Sea housing and has 
been shooting Canon ever since, working his way up the 
ladder to a 5D Mark II, 5D Mark III, 5DS R and now a 
5D Mark IV, always using Sea and Sea housings.

For the next five years Kim went to Anilao almost 
every weekend. It is only a two-hour drive from 
Manila, and the diving is reliably spectacular. Despite 
having no formal training in underwater photography, 
he has been served well in his photography by the 
discipline and artistry that drew him to architecture, 
allowing him to progress quickly. He’s won more than 
60 awards in international photography competitions 

and has been featured on DivePhotoGuide.com, 
Scubanet.kr and Underwaterphotography.com and 
in Sea and Sea magazine, the Washington Post, the 
Philadelphia Inquirer and the Manila Bulletin. He has 
also served on the United Nations judging panel for 
the World Oceans Day photo competition and has 
conducted on-location underwater photo seminars for 
the tourism departments of both Okinawa and Taiwan. 
Beyond that, his collaboration with the Philippines 
Department of Tourism led to the creation a few 
years ago of the Anilao Underwater Shootout photo 
competition, which is becoming the most widely 
attended event of its kind in all of Asia.

Through it all, the driving force behind Kim’s 
passion for underwater photography is his love of 
travel with friends and his personal drive to create 
better and better images, whatever the subject. 

Much of his emphasis is on macro photography, as 
it is a discipline he understands and enjoys, but he is 
equally adept at fish portraiture and wide-angle photos. 
His modus operandi is to provide something fresh. “I’m 
trying to shoot in a way that is clearly different from 
what others might be doing,” he said. “I want my images 
to tell a story at a glance, and I can do that through 
composition or selective focus and targeted lighting.” 

While many photographers in Asia play with new 
color techniques and other types of manipulation, Kim 
prefers to push the limits of his camera’s capture abilities. 
“Sometimes I’ll spend more than two hours on a single 
subject, meditating on lighting and focus,” Kim explained. 
“I’m always thinking about depth of field and how to draw 
the eye to some point of particular interest.”

When asked about his future in underwater 
photography, Kim said he plans to build a version 
2.0 of himself who won’t work quite so hard in 
architecture and will find some way to bring together 
his love of diving and underwater photography for 
vocation as well as avocation. Maybe he’ll build a 
dive resort catering to underwater photographers. 
He could draw up the plans, oversee the construction 
and then take us all diving. I have no doubt it would 
be in a place of spectacular beauty, both topside and 
underwater. Sign me up, Jerome Kim.

THE SELECTIVE 
VISION OF

IMAGING
SHOOTER
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 SCHOOLING JACKS WITH DIVER 
You need to plan and communicate well 
with your model before shooting, and it 
helps to have the image in mind before 

you and your model work together on the 
composition. The vertical aspect of this 

school of jacks came to my mind, and 
I directed my model to circle behind 

and swim through the school. 
As the jacks parted for her, 

they made the loveliest 
arrangement for me. 
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SNAKE EEL WITH 
BLUE BACKGROUND 
I rarely try to heavily 
manipulate photos, 
preferring instead to keep 
my vision pure and more 
realistic. But sometimes 
I feel compelled to try 
something new just for the 
sake of creativity. Here I’ve 
combined a blue light for 
the background with snooted 
light in the foreground to 
transform a very normal 
snake eel into a rather 
otherworldly composition.
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LADYBUGS ON HARD CORAL
More than simply focusing on subjects, my primary interest in underwater 

photography is making better backgrounds. Shallow depth of field can create soft 
and colorful backgrounds while at the same time allow the eye to go directly to the 

main subject. The distance between the foreground subject and the background 
can also make a difference. For this image, the aperture was relatively small,  

but the distant background provided the level of blur I hoped to achieve.
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PAIR OF 
YASHA GOBIES
These unique gobies are 
found in the Western Pacific. 
You need to approach very 
carefully when shooting shy 
subjects. Moving too quickly 
can create a pressure wave 
that scares the fish. Bad 
buoyancy can stir sediment 
off the bottom and create 
backscatter. Good diving 
skills are very important, not 
only for getting near the fish 
but also for not affecting the 
environment.

YELLOW GOBY GUARDING EGGS
When your subjects show different attitudes than normal, it is wise 
to observe further. This yellow goby seemed unusually reluctant to 
leave this sponge as I swam by, and only on closer inspection 
did I see the eggs she was guarding. The maternal 
instinct is very strong in almost all animals, 
even this tiny fish.



FOR MORE INFORMATION
jeromekim.com

facebook.com/UWJeromeKim
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CLOWNFISH GUARDING EGGS
This picture is an exercise in the art of 
simplicity. Clownfish use their pectoral fins 
to swish water over their eggs to help them 
incubate. Knowing about this behavior prompted 
me to think about how best to illustrate it. 
Usually clownfish shots are all about the eyes or 
the mouth or even the anemone. For this shot, it 
was all about the pectoral fin and the eggs. 

SEA FANS AND DIVER
Tubbataha Reefs Natural Park in the Philippines is one of my favorite dive destinations. 
It is purely a coincidence that it is reasonably close to my home in Manila; I would travel 
around the world to dive there if I had to. You can find lots of hidden beauty along the 
reefs there. Some of the reefs are pristine hard corals, but along the walls where the 
currents sometimes flow, the filter feeders such as soft coral and huge gorgonians 
grow in lush abundance. Controlling both the artificial and ambient light is the key to 
exceptional wide-angle photography.

https://l.facebook.com/l.php?u=http%3A%2F%2Fwww.jeromekim.com%2F&h=AT2QQM-oKpfbffCPf8yMFfymzqpSfjYUQSROCsNjHPsbOhJKX7NOO3AbK6KSlBwStvOXCvNLfNCnVXIW4EUOpLbcPNCN5E-d2uxVqCB_xxNiGzpDm4SloL2RiFghuVTWbuBY-VIyP7t9zGY
https://www.facebook.com/UWJeromeKim/
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A sea anemone basks in gently filtered light at a depth of 2 inches at Pescadero State Beach, California.



W
ith their colorful grandeur, fantastical 
inhabitants, gleaming iridescence and 
extraordinary diversity, tide pools are 
endlessly enchanting. Tide pools provide 
intimate glimpses of the life beneath the 
often-turbulent surfaces of coastal waters. 

I have been avidly exploring these pools at low tide since moving 
to Santa Cruz, California, from inland Canada a few years ago. 
Frequently accompanying scientists in the field, I assist with counts 
and take photos for them to use in their research of the intertidal 
zones. Tide pools have become a major theme of my own artwork 
and subjects for recent exhibits of my paintings and photography. 
By going to tide pools, I can explore and create images of these 
surprising oceanic microcosms for hours; unfortunately, the 
creative time at the shoreline is limited to when the tide is out, so I 
shoot quickly and always keep an eye on the ocean.

THE INTERTIDAL WORLD
Intertidal zones are layered strata of discovery. Marine biologists 
divide the intertidal area into three specific sectors (low, medium 
and high) based on the overall average exposure of the zone to 
air. Closest to shore, the high zone is submerged only during the 
highest of tides. The primarily marine low zone is exposed only 
during the most extreme low tides. Strikingly different ecosystems 
can exist between zones that are not far apart. All these factors 
play a major role in what you will find in any given tide pool.

The spectacular scenes found in tide pools are typically impossible 
to observe while scuba diving. In rocky areas close to the shore at low 
tide, gorgeously lit limpets, gangly gooseneck barnacles, ultramarine 
mussels, speckled sea stars and shieldlike chitons anchored to the 
rocks form beautifully mottled scenes. Diminutive snails find shelter 
among the small plants growing within pools carved in the rocks by 
waves over time. Clusters of turban snails and hermit crabs scuttling 
to and fro enliven the scene. Trapped in these rock pools among the 
colorful anemone, glittering urchins, sponges, tube worms, whelks, 
vibrant seaweeds and corals are various small fish, crabs and shrimp. 
Giant green sea anemones as large as dinner plates reveal themselves 
along with sea stars in orange, cream, blue, red and violet hues. 

Further out, nudibranchs surfing on eel grass catch the eye. An 
especially low tide (relative to mean sea level) reveals ever more 
exotic sea anemone species, sea hares, abalone and even octopuses 
among the bull kelp and sea palms. While octopuses can become 
trapped in a tide pool for the duration of the low tide period, 
they usually do not stay there for long. Watching the uncannily 
intelligent cephalopods crawl overland to get to deeper water is a 
rare and fascinating sight.

Text and photos by Brandy Gale
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GATHER THE APPROPRIATE GEAR
Acquiring the appropriate camera equipment and 
protective gear has helped to make these worlds more 
accessible. Donning chest or hip waders (or knee pads 
and rubber boots with a lug sole), a helmet and warm, 
layered clothing will keep you dry, safe and comfortable. 
A small, floating dry box case containing extra batteries, 
car keys and identification, first aid kit, whistle and 
beacon is always with me. A tide-monitoring device (such 
as tide tables or a tide watch) is essential. Smartphone 
apps that provide tide data are useful additions.

Macro photography is the best way to tell the stories 
of these locales. I make my best images by employing 
various submersible cameras and available light rather 
than strobes. Artificial lighting disturbs and stresses 
the animals and makes them hide; gloriously open sea 
anemones close tightly at such provocation. The living 
creatures found in tide pools are best enjoyed in their 
natural state, and available light will give you photos 
that appear true to the environment rather than looking 
as if you shot them in a tank. When photographing 
in such shallow water, artificially lighting the scene is 
unnecessary to capture the reds, oranges and yellows 
that cannot be seen at lower depths when diving. If 
shooting during a low tide as the sun is setting, end-
of-day light can help produce the most dreamy natural 
images; the long, angled light rays make for interesting 
shadows and textures along with vibrant colors.

Leave the big dive rig at home. My Canon EOS Mark 
III in its underwater housing with lights is never going 
to fit inside a tide pool and is too cumbersome to 
wield on the craggy rocks between the waves. Carrying 
a huge, expensive camera while trying to negotiate 

rugged escarpments, razor-sharp mussels and slippery 
seaweeds is frustrating, unsafe and possibly costly.

Smaller cameras in underwater housings work fine in 
larger pools. One of my favorite setups is an Olympus 
OM-D E-M5 housed with a 60mm macro lens. Small 
waterproof sport cameras that do not require a housing 
above 30 feet are terrific tools to use between the tides; 
Canon, Olympus, Panasonic and other brands offer 
good options. While cameras with larger sensors will 
provide better overall image quality, I made some of my 
most artful images using children’s toy cameras in plastic 
bags or a smartphone in a waterproof case.

Macro photography has its challenges, particularly 
when using only available light. The result is often a 
very narrow depth of field. A digital image-processing 
technique called focus stacking — wherein multiple 
images taken at varying focal distances are combined 
to give a final image with a greater depth of field — can 
be useful if your subject is relatively still. For sharper 
shots and better depth of field, use a flexible mini tripod 
(secured with a dive weight) when shooting slower than 
1/125 sec. to eliminate blur from camera movement.

PLAN YOUR TRIP
Consult local weather conditions and tide tables 
to plan your trip. The National Oceanic and 
Atmospheric Administration (NOAA) offers excellent 
tide predictions online. Minus tides are rare during 
daylight; you may have to wait several weeks for one to 
be available. Water clarity and visibility are additional 
considerations. Water gets murkier as the tide comes 
back in, so the best viewing usually occurs while the 
tide is going out.

This shallow tide pool near 
Monterey, California, reveals 
a hermit crab in its natural 
environment at a depth of 
6 inches.
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The time of year will affect what sea life you will be 
able to observe. The most interesting time to visit tide 
pools in California is usually December through March.

REDUCE YOUR IMPACT
Intertidal areas are protected, and some marine sanctuary 
conservation areas do not allow tide pooling. Determine 
in advance if your location requires permission.

Be careful to not harm the delicate environment of this 
precious ecosystem. Tide pool organisms are extremely 
sensitive to human activity. Just as you would not stand 
on a coral reef during a dive, don’t step on critters in a 
tide pool. Stay on rocks and sand, and take only photos.

Stay away from marine mammals resting on the 
rocks. Laws protect them, and they can be aggressive  
if threatened.

The intertidal realm can be very slippery, and 
a rogue wave could easily carry away you or your 
camera. Rescues in these areas can be fraught with 
challenge and expense. Always keep an eye on the sea, 
and bring a buddy with you.

SET YOUR GOALS
Identifying animals and plants can be an enjoyable 
task. Many books can provide information on intertidal 
creatures, and some online clubs focus on identification 
of the vegetation and wildlife that encompass the vast 
biodiversity found in coastal areas. I recommend Ed 
Ricketts’ superb tome Between Pacific Tides.

Unless I am working with a research team that is 
seeking images of specific flora or fauna, I try to look for 
the artistic shot rather than cataloging or taking a photo 
of every nudibranch species, for example. My desire is 

to capture the critter’s-eye view of its world and collect 
macro imagery that can often be quite abstract.

I have synesthesia, a neurological condition in which 
my senses are all crossed. For example, I can hear colors, 
shapes have a flavor, tastes have a sound, and so on. This 
condition informs my creative work. My best photos result 
when I have my camera settings perfect for collecting the 
most intense color; when submerging the camera, I let all 
my senses guide the shot. Photographers’ images will vary 
according to their muse, settings and vision.

Tide pooling is a wonderful way to gently acquaint 
others with the ocean and perhaps to get them 
interested in becoming divers. While I am now a 
certified diver, I was afraid of the water for most of my 
life. By summoning the courage to overcome the inner 
obstacles that prevented me from enjoying the ocean, 
I am now rewarded with the images I create there and 
am able to travel and experience the ocean with others. 
The wonder and beauty of tide pooling got me started 
on this journey. On days that I am unable to go diving, 
the tide pools are there for me to savor.

There are certain sea anemones that I often return to 
visit. Two strawberry anemones at Carmel, California, are 
like old friends when I see them now. It must be a super 
low tide for me to safely get to them and to photograph 
the pair in their intertidal burrow. It’s a very sweet, 
connected feeling for me to observe these two organisms 
thriving in an area usually covered by pounding surf.

Introducing others to tide pools is a source of 
great joy for me. Capturing my mind and heart, these 
magical aquariums offer abundant subject matter 
for my artistic pursuits. I thrive as an artist and as a 
person where the waves meet the shore. AD

Clockwise from top left: 
Macro detail of a blue 
knobby sea star near 
Carmel-by-the-Sea, 
California, at a depth of 
7 inches; author Brandy 
Gale working in the field 
near Davenport, California; 
a crab defending its kelp-
filled intertidal zone at a 
depth of 10 inches; an 
octopod changing color 
to camouflage itself when 
trapped in a pool by low 
tide at a depth of 5 inches
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T
here’s no mistaking pillar coral 
(Dendrogyra cylindrus) when you 
see it — it is unlike any other coral 
in the Greater Caribbean. With its 
tall columns and fluffy appearance, 
the pillar coral stands out like a rare 

unicorn for those who encounter it.
Throughout the Caribbean, a diver is most likely to 

encounter just a single colony, sometimes as tall as 12 feet 
and reaching nearly to the surface but rarely as a fluffy 
youngster resembling a piece of shag carpet. Occasionally, 
divers discover large stands of colonies, which are almost 
always clones of each other, the product of thousands of 
years of fragmentation and regrowth. As the only living 
species within its genus, the pillar coral is as unique in 
its taxonomy as it is in its growth form. It is also poorly 
studied — and it is in decline.

The International Union for Conservation of Nature and 
Natural Resources (IUCN) listed the species as vulnerable 
on its Red List in 2008, and in 2014 the National Oceanic 
and Atmospheric Administration (NOAA) listed it as 
threatened under the U.S. Endangered Species Act. 

While many individuals and dive shops throughout 
the Caribbean monitor their local colonies, until recently 
there have been no coordinated assessments of pillar 

coral populations or health. Along the Florida Reef 
Tract, researchers initiated baseline studies in 2013 
to determine the status of the population within the 
continental U.S. Expanding these studies to other 
regions is a research priority for upcoming years.

Using GPS coordinates supplied by survey programs 
and government agencies as well as dive shops and 
friends, divers made several hundred dives and 
concluded that pillar corals were alive at only about 
150 sites along Florida’s 170-mile-long barrier reef. In 
the years that followed, those already low numbers 
took a dramatic turn for the worse. Battered by back-
to-back bleaching events in 2014 and 2015 and victims 
of a dramatic disease outbreak that persists today, the 
population continues to plummet. By the summer of 
2018 less than 40 percent of the original sites still had 
live pillar coral, and colonies at many of the remaining 
sites were actively diseased or were only a small 
fraction of their size a few years before.

According to Shel Silverstein’s poem The Unicorn, 
the reason you’ll never see a unicorn is because they 
missed the ark. Determined to not let that happen to 
the unicorns of the reef, NOAA coordinated a modern-
day ark, forming a partnership with Mote Marine 
Laboratory, Keys Marine Laboratory and the Coral 
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THE LAST UNICORNS
FLORIDA’S DISAPPEARING PILLAR CORAL
By Karen Neely

Divers visit a reef dotted with pillar coral colonies near 
Key Largo, Florida, in 2012 (left) and 2018 (right). 

Disease began affecting the site in summer 2016 and 
resulted in rapid and complete mortality.
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Restoration Foundation to take in fragments from the 
remaining pillar coral colonies, keep them isolated 
from waterborne diseases and protect them from warm 
summers. This protection allows them to slowly grow 
and build new tissue that may one day be returned 
to the wild reefs. The pillar coral ark currently holds 
almost 400 fragments representing 77 individuals, 
many of which are now extinct in the wild.

Pillar coral is presumed to be reproductively extinct 
on the Florida Reef Tract because no juveniles have 
been documented there. It is likely that one of the 
major bottlenecks is the space between colonies, which 
makes fertilization of eggs by distantly released sperm 
nearly impossible. The future of the species relies on 
building up as many genetically distinct individuals 
as possible to minimize inbreeding and increase the 
likelihood that some of the individuals will be more 
resistant to disease, bleaching or other stressors. Saving 
the existing individuals in the pillar coral ark is one 
way; helping to make more pillar corals is another.

Each year, under the warm breezes of the August full 
moon, boats of divers wait to splash into the dark waters. 
Their mission: to use syringes and plastic bags shaped 
into “coral condoms” to collect eggs and sperm from 
spawning pillars. Pillar corals are usually gonochoric, 
meaning there are male individuals and female 
individuals. The only noninvasive way to determine the 
gender is to watch during the three minutes each year 
that they spawn. With divers poised around colonies 
several miles apart, the teams swoop in to collect the 
spawn, then race back to the boats and speed toward 
each other, meeting in the middle of the ocean to mix 
together the gametes. Upon arrival at the dock, many 
samples already show early signs of cell division — 
the first step in the development of juvenile corals. 
Throughout the night and the following days, the babies 
develop into swimming larvae, pirouetting through the 
water column and finally settling on small concrete bases 
conditioned with pink crustose coralline algae.

Several months later, single polyp juveniles with 
symbiotic algae (zooxanthellae) residing in their tissues 
continue to grow. About the size of a pinhead, they can 
easily be overlooked by an inattentive eye, but their 

impact is enormous. They are likely the first new pillar 
coral individuals in Florida in decades or more. They 
represent the future of the species. On Florida’s reefs, 
these baby unicorns are the symbol of hope. AD

Research was conducted under Florida Keys National 
Marine Sanctuary permits FKNMS-2016-062-A2 and 
FKNMS-2016-156-A2.
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Clockwise from top left: Fragments of pillar coral are held at an 
onshore facility for protection and grow-out for eventual restoration. 
At six months of age, a single-polyp pillar coral settler is still smaller 
than a pinhead. Female pillar coral colonies release eggs into 
the water column. Researchers while at sea mix eggs and sperm 
collected from spawning pillar coral in buckets for rapid fertilization.
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“NOAA coordinated a modern-
day ark … to take in fragments 
from the remaining pillar coral 

colonies, keep them isolated from 
waterborne diseases and protect 

them from warm summers.”
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Breaking Into Backplates
 Text by Reilly Fogarty  |  Photos by Stephen Frink

B
uoyancy compensators (BCs) aren’t 
terribly complicated — even the most 
complex ones aren’t much more than 
balloons we can inflate to counteract 
negative buoyancy. Despite how the 
BC has evolved since its inception, it is 

still fairly similar to the horse collars of yesteryear. 
As long as we can reliably remain neutrally buoyant 

and have a way to safely add and remove enough gas 
to offset the weight of our equipment and buoyancy 
changes, we’re set. Aside from these few basic 
demands, BCs offer a variety of options, which can 
overwhelm new divers who are selecting their first one. 
Add to this conundrum the commonly held belief  
that backplate configurations are exclusively for 
technical diving. 

Gone are the days when backplates were considered 
complicated or reserved for divers with double 
cylinders. While technical divers initially developed the 
configuration, it has become common in recreational 
diving — and for good reason. The ability to configure 
a BC to a specific dive or type of diving is incredibly 
valuable: It can enhance not only your comfort and 

enjoyment in the water but also your safety. Not all 
divers prefer backplates, but you should consider all 
your options before buying your next BC. 

WHAT IS A BACKPLATE?
Backplate-and-wing BCs are made up of two parts: a 
sturdy backplate to which a tank can be secured and a 
wing that can be inflated or deflated to manage buoyancy. 

Backplates come in a variety of sizes, designs and 
materials. Travel backplates made of carbon fiber, 
titanium and skeletonized aluminum are available, 
as are more robust, heavier-duty backplates for cold-
water diving.

The most common and cost-effective type is a steel 
or aluminum backplate. Somewhere between just a 
few pounds to 10 pounds negative, these backplates 
come with slots for webbing, a few holes at the edge for 
attaching a drysuit inflation bottle, and slots and holes in 
the center of the plate for securing one or more tanks. 

While twinset tanks are typically bolted directly to 
the plate, divers can use cam buckles to attach single 
tanks directly to the plate or to a piece of steel called a 
single tank adapter (STA), which they then bolt to the 

Backplate-and-wing BCs aren’t just for technical 
divers. Recreational divers are using these 

highly customizable BCs to improve their trim 
and meet their needs in varying conditions.
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backplate. Some wings have extra padding to prevent 
a single tank that is attached directly to a backplate 
from flopping back and forth during a dive, but an 
STA can provide tank stability without the help of 
wing padding. STAs are also useful for adding extra 
weight to a backplate — they can be made out of thin 
aluminum to minimize weight or thick steel with lead 
inserts to add more weight. There are also adapters 
for rebreather unit attachment, which enable divers 
to use the same BC for open-circuit or closed-circuit 
(rebreather) diving. 

Divers typically wear backplates with a webbing 
harness. A single-piece Hogarthian harness is a good 
choice, but there are dozens of options that include 
padding, quick-release buckles and various attachment 
points. The wing is sandwiched between the tank and 
the backplate.  

Wings come in a huge range of colors, materials, 
designs and sizes (measured in lift rating). You can choose 
between a horseshoe wing and a donut wing and one 
or two bladders. Divers have debated the relative merits 
of those four options for years, but many instructors 
recommend a single-bladder donut wing for the 
majority of applications. These wings are held on with 
either the bolts that attach the STA to the backplate or 
the cam bands that hold the tank to the backplate. 

HOW MUCH LIFT DO I NEED?
The amount of lift needed is a common consideration 
when first configuring a backplate and wing. You have 
the option to choose the size of your wing — how 
much air it can hold and thereby how much water 
it can displace — so you have to carefully consider 
how much negative buoyancy you’ll need to offset. 
Many configurations are available, but most divers 
choose a wing that provides just enough buoyancy to 
make them neutrally buoyant at their heaviest. Divers 
using a wetsuit and a heavy steel tank would need to 
determine the combined buoyancy of their body, all 
of their equipment and the gas in their full cylinder. 

If the lift calculation puts you squarely between two 
options for similar wings with different lift ratings, 
choose the larger one — a safety margin is never a bad 
thing. Determining lift in this way ensures that your 
wing can provide adequate buoyancy at the surface 
and throughout the dive but will not slow you down by 
being unnecessarily cumbersome. 

WHY USE BACKPLATES?
There are many reasons to dive using a backplate and 
wing. Some divers use them to keep their twinset 
diving skills sharp, even when diving singles. Others 
use them to tailor a BC to their particular dive, 
choosing a smaller wing to move effortlessly through 
tropical waters, a larger wing for cold-water diving or a 
rebreather attachment to spend hours on a wreck. 

It is often easier to trim out a diver in a well-
configured backplate because the wing can be adjusted 
up or down, depending on whether a diver is head or 
foot heavy, and trim weights can be easily attached 
to cam bands on the fly. It takes a little extra work 
to properly set up a backplate, but the rewards are 
significant for those who are willing to put in the 
effort. Divers who invest time and effort in the exercise 
commonly have better trim and buoyancy, which can 
result in improved gas consumption and decreased 
fatigue or stress in the water, allowing for better 
control during their dive. AD
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SHARE YOUR STORY
Do you have tips, advice, travel strategies, dive techniques, 
lessons learned or other words of wisdom to share with your 
fellow divers? Alert Diver wants your story! Email it to  
M2M@dan.org, or mail it to “Member to Member,” c/o Alert 
Diver, 6 W. Colony Place, Durham, NC 27705.
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By Stuart Seldon

R
ich with maritime history, Canada’s 
Prince Edward County thrusts out from 
the northern shore of Lake Ontario. 
Almost completely surrounded by 
water, the area is a popular summer 
tourist destination. It’s home to 

boutique wineries, cheese producers and dairy farms, but 
much of the rest of the area remains in its natural state. 

About 10 years ago I first heard about two mystery 
wrecks lying offshore, and a local dive lodge would 
occasionally take tech divers to the area. My favorite — 
the prettier of the two wrecks, with the lower sections 
of both masts still standing — is nicknamed Petrie 2 
after the closest point of land. 

Like the wreck, the initial discovery of Petrie 2 is a 
mystery. A local diver and historian said divers found 
it during a search for wreckage of an Avro Arrow, a 
1950s-era Canadian supersonic fighter jet.

Petrie 2 lies 12 miles offshore, directly under the 
shipping lanes. On the morning of our dives, wind was 
nonexistent, but the fog was thick. We launched our 
boat and made our way to the area before watching 
the sonar. The wreck is not buoyed normally, but a 
crew member on our boat had dropped his temporary 
mooring at the end of last season. Once adjacent to the 
wreck, we dropped a shot line, and two of our team 
suited up. We soon spotted a lift bag slightly astern, 
and our fixed mooring line was soon ready to go.

The rest of us suited up quickly and reviewed our 
dive plans. As the only member of our team who 
was diving open circuit, my bottom time would be 

a few minutes shorter than the others, who were on 
rebreathers. I had a clear vision of the shot I wanted 
to get before heading down, and once on the wreck, 
I moved off the bow and positioned myself on the 
bottom, using my elbows as a tripod of sorts. There 
was little light. I checked my camera settings and 
waited. Two of the other divers had elaborate plans for 
some images using remote lighting, and I hoped to be 
able to benefit from their hard work. 

Time flies in 175 feet of water; as my bottom time 
was nearing an end, light began streaming through 
the railing. I quickly fired off a few shots, bracketing 
my exposures. I knew from previous years that the 
particulate matter in the water caused havoc with 
backscatter, so I had dialed my strobes all the way 
back and aimed them far away from the subject. I only 
wanted a kiss of fill light to break through the shadow 
cast by the hull. 

Some people believe that this wreck may be the 
schooner Blanche, lost with her crew of five on May 26, 
1888, although the ship’s identity has not been confirmed. 
Unidentified, in a little-known location and lying in the 
dark, the ship remains an enigmatic and rare subject. AD 

The wreck known as Petrie 2 lies in the 
icy depths of eastern Lake Ontario.
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MARKETPLACE

Connecting with DAN 
DAN Emergency Hotline: +1-919-684-9111 (collect calls accepted)

DAN Medical Information Line: +1-919-684-2948 

DAN Toll-Free Numbers: Dial 1-800-446-2671 in the USA and 
Canada for Membership, Medicine, Education and Development 
programs. Dial 1-877-5DAN PRO for DAN Business Members.

Moving? Go online to the Members section at DAN.org to change  
your address, or mail DAN your new address. 

DAN TravelAssist® emergency assistance can be accessed  
through the DAN Emergency Hotline at +1-919-684-9111  
(call collect from anywhere in the world).

DAN medical and membership calls are recorded but are  
not published or released without written permission of all parties.

Other questions?  
For complete contact information, all other services and general  
inquiries, please visit DAN.org/contact.
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Available at your fingertips!

The Alert Diver archive is waiting for you at the  
iOS and Android app stores. Search “Alert Diver” 
for the free app.

All content is free to DAN members. 



M
any organisms have not been seen by human 
eyes — none more so than those inhabiting 
the ocean’s depths. As divers, we explore 
only a tiny fraction of the ocean. The same 

could be said for the weird and wonderful glass squids, 
which usually spend their entire adult lives in the lower 
mesopelagic zones.

Exploring for unusual life, our group searches the open 
ocean day and night for the chance to encounter such 
rare beauties, looking for slick lines and flotsam that 
might congregate life. At other times we simply submerge 
below the surface and let the miniature life drift past us 
in the current. On this day, 12 miles off the coast of New 
Zealand, we are not let down as a member of our team 
spots a glass squid near the surface.

With its distinctive, large funnel, this species is known 
as the banded piglet squid (Helicocranchia pfefferi). Its 
nearly transparent digestive gland and gills are barely 
visible through the polka-dot mantle, and the presence 
of an ocular photophore below each eye indicates its 
mesopelagic lifestyle. An ink sac is also nestled in there: 
Inking and then jetting away in the opposite direction is a 
common defense mechanism. 

During our encounter, however, instead of escaping, 
it retracted its head and tentacles inside its mantle and 
inked inside its body. In a moment I realized I was seeing 
a mass of swirling ink filling its globular body. Perhaps 
this action made it an undesirable dinner for predators.

It seemed like a good time to leave, so after several 
minutes of observing and photographing this small, 
peculiar-looking squid, we left it to drift off and find its 
way back to the darkness of the depths.

PARTING 
SHOT
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By Paul Caiger
paulcaiger.photoshelter.com

GLASS SQUID

EQUIPMENT: Canon EOS 7D, 60mm macro lens, Sola 500 
Photo Light, two Ikelite DS51 strobes, Ikelite housing
SETTINGS: 1/125 sec @ f/18, ISO 250
LOCATION: Poor Knights Islands, Northland, New Zealand



WHAT’S INCLUDED?

n Global Coverage

n Bodily Injury and Property Damage

n Refusal to Train

n Unlimited Defense Costs

n Backed by Lloyds of London 
 and Gen Re

WHY CHOOSE DAN? 

n Low premiums help support dive professionals

n Coverage addresses real-world demands  
 of instructors and dive leaders

n Proceeds from DAN Liability Insurance are 
      reinvested to support dive safety initiatives

n DAN Members save even more 
      on insurance premiums

n No retroactive date — covers new 
 claims from all past incidents, provided 
 you’ve had continuous liability coverage

Learn more at 
DAN.org/liability

RISK RETENTION GROUP

Customize your plan by adding technical diving endorsement, 
rebreather endorsement, equipment liability and excess liability coverage.

NOW AVAILABLE

SET THE STANDARD WITH DAN
PROFESSIONAL LIABILITY INSURANCE.
As a dive professional, you’ve recommended DAN to your students for protection and 
security for years. Now, with DAN Professional Liability Insurance, you can depend on 
that same proven experience to provide professional-level protection for you. So set 
the standard for your students. Set the standard with DAN.
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RAISE AWARENESS, 
TRANSMIT OUR PASSION,
HELP PROTECT THE OCEAN

www.blancpain-ocean-commitment.com

COLLECTION

Fifty Fathoms
EASY 
ON THE 
EYES. 
EASY 
ON THE 
EYES. 

The ProPlus X is designed around a perfectly 
clear, high visibility, TFT screen with an advanced 
digital compass, Bluetooth connectivity, quick 
disconnect, intuitive color-coded interface 
and powered by Dual Algorithm. It is our most 
advanced dive computer ever. Learn more today  
at your local authorized Oceanic dealer.    

OceanicWorldwide.com




