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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.

FOR SUBSCRIPTION OR MEMBERSHIP ASSISTANCE, PLEASE CALL +1-800-446-2671, 
OR EMAIL member@dan.org

FOR ADVERTISING SALES, PLEASE CONTACT: 
Stephen Frink, National Sales Director, sfrink@alertdiver.com, +1-305-451-3737 

Diana Robinson, Ad Services Manager, drobinson@dan.org, +1-919-684-2948
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DIVE PREPARED
BECAUSE NO ONE KNOWS THE FUTURE
No matter how much you train or how well you plan, accidents can still happen. 
And there is no crystal ball to predict when you may fi nd yourself facing an 
emergency. The smart solution is to make sure you and your family are 
protected against the unforeseen. DAN’s Dive Accident Insurance 
exists for those “just in case” moments. 

SMALL COST. BIG BENEFIT.
DAN’s Dive Accident Insurance benefi t 
provides coverage of up to $500,000 for 
medical dive accident expense and pays 
100% of eligible expenses. Considering a 
dive-related injury or illness can set you 
back thousands of dollars, it pays to be 
prepared.

2016 Dive-Related Illness/Injuries
(Cases / %)

Barotrauma

Decompression 
Sickness Marine 

Envenomation

2% Arterial Gas Embolism (AGE)
2% Fatality

2% Pulmonary Edema (IPE)
2% Nonfatal Drowning

2% Motion Sickness

Other

44%

9%

28%

9%
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6  |  SPRING 2017

Spring 2017

CONTENTS

70 DOMINICA: 
 ABOVE AND BELOW   
 THE NATURE ISLE
 Text and photos  
 by Stephen Frink
 With sperm whales, an   
 abundance of rare tropical  
 fish and excellent topside   
 adventures, Dominica has   
 a lot to offer. From its   
 healthy reefs to its lush   
 forests, the Nature Isle earns  
 its name.

78 A SALUTE TO 
 ST. EUSTATIUS
 Text and photos by   
 Andy and Allison Sallmon
 If you’re in search of a  
 quiet  island with a bit of 
 history and amazingly   
 healthy reefs, check out  
 St. Eustatius. Statia’s   
 20-year-old marine park 
  is home to an impressive   
 undersea menagerie. 

84 CELEBRATING   
 SHARKS
 By Adam Hanlon
 Divers have the unique   
 privilege to observe the   
 power and grace of wild   
 sharks. Join 28 underwater   
 photographers in celebration  
 of these magnificent animals  
 in memory of filmmaker   
 and shark enthusiast 
 Rob Stewart.

88 YOUR LUNGS 
 AND DIVING
 By Jack Meintjes
 Your lungs are your life.   
 Learn about the challenges   
 diving imposes on these vital  
 organs to better understand   
 how to stay safe underwater.

FEATURES

ON THE COVER: We printed this issue with two unique 
covers mailed randomly to our members. Left: Stephen Frink 
photographed these sperm whales while freediving on Dominica, 
permit #RP-01/013 SW-1. To capture the image he used a 
Canon EOS-1D Mark IV camera and Canon EF 8-15mm f/4l lens 
at 15mm in a Seacam housing with available light at 1/320 sec 
@ f/9, ISO 640. Right: Douglas Seifert photographed these great 
white sharks (Carcharodon carcharias) off the Neptune Islands in 
South Australia from a subsurface cage lowered to the seafloor. 
To capture the image he used a Canon EOS 5D Mark II camera 
and Canon EF 16-35mm f/2.8L II lens at 16mm in a Seacam 
housing, two Sea and Sea YS-250 strobes and an exposure of 
1/200 sec @ f/8, ISO 640. THIS PAGE: Blackbar soldierfish, 
Champagne, Dominica. Photo by Stephen Frink
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and comfort only a TherMAXX™ 

wetsuit can provide.

TherMAXX and TherMAXX accessories 
are sold only at authorized “brick 
and mortar” retailers nationwide. 
Try one on and feel the difference, 
only at your local dive shop!
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A hawksbill turtle on the Chien 
Tong wreck, St. Eustatius. Photo 
by Andy Sallmon
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Get to the bottom
of all this.

Amy Slate’s Amoray Dive Resort, Key Largo
Waterfront rooms, pool, beach, scuba, snorkel instr. 
& boat charters. 3nts/2dive pkg from $345 ppdo.

305-451-3595 or 800-426-6729  
amoray.com

Horizon Divers, Key Largo
Dive instruction & daily trips  
to all of the reefs and wrecks  

of the Upper Keys.
800-984-3483 or 305-453-3535 

horizondivers.com

Key Largo Dive Center
Dive Boat, Dive Training,  

Reefs, Wrecks, Six Divers Max,  
NAUI & PADI Dive Center.

305-451-5844 
keylargodivecenter.com

Cocoplum Beach & Tennis Club & Marina, Marathon
2/2 Condo on beach, kitchen, W&D, heated pool, 

BBQ, boat dock & 4/5 pool home.
800-228-1587 or 305-743-0240   

cocoplum.com

Key Largo Bay Marriott Beach Resort 
Find your key to paradise featuring endless  

blue skies, fishing, diving and more.
855-410-3911

keylargobaymarriott.com

Courtyard by Marriott, Key Largo
Oversized rooms and suites  
on the largest deep water  

marina in Key Largo.
855-335-1066 or 305-451-3939

Marriott.com/MTHCY

Dive Key West, Inc.
Keys’ Premiere Dive Center. 

Our 46th year. Dive “The Vandenberg” !  
Custom dive & lodging packages.

305-296-3823  
divekeywest.com

With thousands of species, hundreds of wrecks and North America’s  
only living coral reef, The Florida Keys has always been a little off the  
deep end. So whether you’re just dipping a toe in the water, or seeking 
advanced certification, our world-renowned dive instructors will  
have you engaging in submersive activities in no time.  

fla-keys.com/diving
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1-800-899-2582 Dive Kite Fish Relax
www.SouthernCrossClub.com

info@SouthernCrossClub.com

reservations@sunsethouse.com
or 800-854-4767

Isn’t it time you find out why?

For 59 out of these celebrated 60 years, 
Sunset House has been Grand Cayman’s only 
Hotel for Divers, by Divers!

Cayman co-op_revised_Q2.indd   1 4/13/17   2:54 PM



D
AN® is often recognized for its work 
facilitating emergency evacuations, 
delivering medical assistance and 
providing insurance services. 
While these services are crucial, 
they represent only the tip of the 

iceberg that is Divers Alert Network®. The work we do 
gathering, coordinating and meticulously reviewing 
accident and fatality data lays the foundation for our 
more visible programs. 

We continually collect, catalog and analyze every 
available dive incident, no matter how small, and 
present our findings to the industry and the public at 
large, most notably through the 
DAN Annual Diving Report. 

So what’s new? For many years 
we have maintained the world’s 
largest database of recreational 
dive incidents, but we are now 
putting that database to work 
in new ways, using the data to 
present factual and relevant 
information to our members and 
to develop educational programs 
for the dive community. Analysis 
of DAN’s dive injury database 
has revealed significant and 
previously unidentified trends. 

These trends can be used to 
determine specific problems for 
which divers may be at increased 
risk. By researching patterns of these incidents as well as 
their triggers and the mechanisms of injury, we have found 
that an enormous number of dive injuries and fatalities are 
not only predictable but also easily preventable. 

Through this research we have found that a small 
number of risk factors cause the overwhelming 

majority of preventable dive injuries and fatalities. 
These risk factors center around fundamental 
concepts in diving such as buoyancy control and air 
management, and by directly addressing these factors 
we strive to prevent the accidents they could cause. 
DAN is working to educate divers about how to 
prevent these injuries: The goal is not only to reduce 
these divers’ risk of injury but also to create a safer 
community of divers. 

Our newest initiative, Prepared Diver, does exactly 
that. A unique course designed specifically around 
information gleaned through our incident-analysis 
programs, Prepared Diver was created to provide new 

and returning divers with the 
tools and education they’ll need 
to confront the foremost risk 
factors in diving. Preventing dive 
injuries is not a simple task, but 
we believe this program can help 
to greatly reduce them. 

 Promoting a culture of dive 
safety requires engaging the 
entire community, and we take 
our role seriously. As your dive 
safety organization, we intend to 
usher positive change into the 
community where it is needed 
most. Programs such as Prepared 
Diver represent a reaffirmation 
of our commitment to improving 
the safety of all divers. DAN 

doesn’t just respond to incidents; we seek to prevent 
them before they occur. Our programs may be novel, 
but our purpose is not: We exist to help make every 
dive safe. 

For more information about DAN membership and 
diver safety education, visit DAN.org. AD
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FROM THE 
SAFETY STOP

PERSPECTIVES

By Bill Ziefle

THE DEVIL IS IN 
THE DETAILS

“A SMALL 
NUMBER OF 

RISK FACTORS 
CAUSE THE 

OVERWHELMING 
MAJORITY OF 

PREVENTABLE 
DIVE INJURIES 

AND FATALITIES.”



DAN.org/DIVINGINCIDENTS

REPORT A DIVING INCIDENT 
AND HELP THE ENTIRE DIVING COMMUNITY

KNOWING WHAT TO DO WHEN THE UNEXPECTED HAPPENS
CAN MAKE A WORLD OF DIFFERENCE.
If you or someone you know has experienced a diving incident, it’s important to report the 
incident to DAN. By reporting a detailed report of the accident to our medical research team, 
you help DAN accumulate valuable data on dive accidents and identify important trends. Your 
case report helps DAN experts determine important avenues of research and develop safety 
guidelines for the benefi t of every diver. 

Help DAN prepare divers to avoid diving incidents. File your report at DAN.org/DivingIncidents.

Case Summaries

The benefi t of reporting an incident doesn’t end there. Once 
analyzed, select incident reports are developed into digestible 
case summaries that help divers of all experience levels learn risk 
management and identify safe diving behaviors. Case summaries 
are based on real diving incidents and include expert commentary 
on how to prevent similar scenarios. Available at DAN.org.

IncidentReportAd_Spring2017.indd   1 4/20/17   10:54 AM



O
ne of my friends recently called 
me to vent. Earlier that day he’d 
been out diving Molasses Reef 
off Key Largo, Fla., when he saw 
a divemaster leading a group 
of divers, approaching him at a 

brisk pace. Thinking they were eager to get a look 
at the eel he’d been photographing, he motioned 
them closer and pointed to the eel. The divemaster 
gestured back to him, but instead of a wave or an OK 
signal, it was a vigorously deployed middle finger.

My friend’s perception of the ensuing nonverbal 
encounter is as follows:

DM (divemaster): Hey, you jerk!
CD (confused diver): What?
DM: Get off the bottom. You’re ruining the reef!
CD: I’m not on the reef. I’m on the sand. There is no 
coral anywhere around me.  

DM: Well, you’re killing all the stuff in the sand!
CD: What stuff in the sand?

At this point things escalated from 
the nonverbal to the physical. There 
was shoving, and there were threats 
to rip regulators out of mouths. The 
divemaster actually pulled his knife 
on my friend. Although no one was 
hurt in the end, two guys who had set 
out to have an enjoyable adventure 
were instead left wired and angry, 
their dive day ruined.  

Our underwater world is a shared 
resource, and the damage that 
one diver might inflict affects the 
enjoyment other divers might find 
in the future. I like to think I’m very 
careful about never touching living 
coral, but sand, rubble, rock and the 
bare metal of a shipwreck doesn’t 
strike me as needing the same delicate 
avoidance. I’ll admit I’ve come back 
to the dive boat with rust marks on 
my wetsuit legs from brushing against 
some deteriorating shipwreck, and I’ve 
knelt in the sand trying to take pictures 
of a lizardfish or a yellowhead jawfish. 

FROM THE SAFETY STOP
PUBLISHER’S NOTE

REEF RAGE
By Stephen Frink

ON SAND 
By Sylvia Earle, Ph.D.

Awareness of our impacts on marine life is commendable, no matter the scale 
— it’s the ethic that matters. Those concerned about harm to sand dwellers 
from divers’ knees might also raise their voices about these other human 
activities that affect the seafloor:

• beach “nourishment,” “restoration” and “enhancement” projects that take 
sand filled with a cornucopia of diverse creatures from ocean environments 
and dump it on beaches that have been washed away, typically in areas 
where it will be washed away again

• dredging channels to allow ship traffic, with no accommodation for the 
displaced or destroyed marine life

• dredging shallow sandy areas (filled with creatures) and building seawalls to 
make land where ocean once was

• cutting channels across thousands of miles of ocean bottom to lay cable for 
telecommunications and to lay pipelines to transport oil and gas 

• scraping the seafloor with fishing nets, trawls, draggers and other devices 
that annually take millions of tons of wildlife and also effectively bulldoze the 
associated communities of life

• damage from anchors large and small
• deep-sea mining, in which billions of dollars are invested to extract minerals 

from the deep sea, and monster machines that crunch through the ocean 
floor right down to bedrock
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A diver carefully controls her buoyancy 
to stay off the sand bottom, but would it 
matter if she made contact? It depends.



As the oceans are under more and more pressure, 
however, perhaps we all need to do more to prevent 
its death by a thousand cuts. Upon reflection, I 
realized I didn’t know whether a scuba diver was 
likely to harm the environment by kneeling in the 
sand, so I posed the question to two prominent 
marine scientists.

Ellen Prager, Ph.D.: For divers not wearing 
wetsuits, kneeling in the sand poses a threat 
in the form of fire worms, sponge spicules and 
other potential irritants. Divers who carefully 
kneel in the sand might not pose a threat to 
the reef. Kneeling carelessly and disturbing 
the sediment, however, may increase turbidity 
and ultimately reduce the light available for 
corals and other reef organisms. Sediment 
landing on corals may cause stress and require 
expenditure of energy for removal via mucus 
sloughing. Divers should also be careful not to 
stir up sediment as a courtesy to other divers. 

Sylvia Earle, Ph.D.: “Look before you kneel” 
seems like a sensible approach to me. On a 
dry, sandy beach, the risks might be mostly 
to your knees (sharp shells, glass fragments), 
but kneeling in ocean sand could disturb the 
sand’s inhabitants. Thousands of creatures, 
from sand dollars and anemones to jawfish 
and garden eels, live in sand environments. 
Standing or kneeling on sand underwater 
is not likely to harm most creatures that 
live there, but places that are conspicuously 
populated with burrows and trails should be 
treated with care. Do unto sand dwellers as 
you would have sand dwellers do unto you. 

From these recommendations I gather that there 
are certainly places in the sand or on a wreck where 
nothing will be damaged by contact, but divers in 
sensitive marine environments should carefully 
consider what their knees, fin tips or fingers might 
touch. And observers should stop to consider 
the likelihood of environmental damage before 
castigating another diver.  

The reality is that we don’t have as much healthy 
reef on the planet as we used to have, and broken or 
stressed coral may recover slowly or not at all. Our 
interactions with the environment must be benign 
and carefully considered. When in doubt, hover. AD 
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ALL THIS AND MUCH MORE AWAIT 
AT ALERTDIVER.COM

DESTINATION 
DOMINICA
After discovering the 
laid-back environs and 
pristine reefs of the 
Nature Island (Page 70), 
go online to see more 
images and a video of 
Dominica’s delights.

STEAL AWAY 
TO STATIA

Read about the rich past 
and reef environment of 
St. Eustatius (Page 78), 

then partake of more 
incredible imagery in an 

online photo gallery.

BIRD’S HEAD 
AND BURT
From Austin, Texas, to the 
Coral Triangle, Burt Jones 
introduced many divers to 
the beautiful Bird’s Head 
Seascape (Page 94). See 
more of his work in an 
online photo gallery.

NOT-SO-
SECRET GARDEN

Discover diving off the  
Texas coast at Flower 

Garden Banks National 
Marine Sanctuary  

(Page 40), then watch a 
video of its abundant  
marine life in action. 
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SITUATIONAL AWARENESS
The Incident Insight article 
“Distracted While Diving” in 
the Winter 2017 issue identified 
a major threat to diver safety: 
poor situational awareness. Not 
paying proper attention to one’s 
equipment, environment and 
buddy/team can be catastrophic.

The article presents task-loading 
and being relatively inexperienced 
as reasons for the poor situational 
awareness described. The 
author’s statement “before they 
have developed keen situational 
awareness through many dives” 
suggests that good situational 
awareness comes with many dives. 
We definitely gain experience and 
refine our skills through diving, 
but proper situational awareness 
isn’t something that just comes 
with many dives; it’s something all 
training agencies should promote, 
teach, reinforce and practice. 

Every dive class from open water 
on should highlight and promote 
discussion of proper situational 
awareness. If situational awareness 
is gained only through many dives, 
then there is something seriously 
wrong with the initial training. 
I don’t think any of us would 
want our surgeon to trade proper 
training and skill development for 
on-the-job experience.

Just as proper situational 
awareness is a basic, fundamental 
diving skill, DAN identified the 
following 10 factors in the 2016 
DAN Annual Diving Report that 
if addressed would significantly 
improve dive outcomes:

  1. correct weighting
  2. greater buoyancy control
  3. more attention to gas planning
  4. better ascent-rate control
  5. increased use of checklists
  6. fewer equalizing injuries

  7. improved cardiovascular health 
in divers

  8. diving more often (or more 
pretrip refresher training)

  9. diving within limits
10. fewer equipment issues / 

improved maintenance

If every diver took just a few 
moments to think about each of 
these improvements and took even 
one step toward one improvement 
in diving safety, then the reduction 
in risk across our whole community 
would be significant.

If DAN has identified that 
negative diving outcomes could 
be greatly reduced by divers 
giving more attention to the basic, 
fundamental skills of diving, then 
there is clearly a failure in any 
training agency that does not place 
appropriate importance on the 
basics — in both the initial class 
and future classes.

The primary goal of diving 
should be the safety of the diver 
and the buddy team, not fun  
and enjoyment. If divers are 
proficient in the basics of diving, 
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the fun and enjoyment of diving 
will naturally follow.

— Dave Potter 
Shelburne, Vt.

Thank you for the opportunity 
to clarify my comments in Alert 
Diver regarding situational 
awareness. My statement 
“before they have developed keen 
situational awareness through 
many dives” suggests that many 
dives are required to develop 
situational awareness. Simply 
put, it would be impossible for 
a new diver to develop keen 
situational awareness without 
making many dives. The British 
Navy trains its mine clearance 
divers with a computer-based 
diving simulation system that 
varies the on-screen visibility, 
type of mine, depth and gas 
consumption. This is a useful 
tool for aiding the development of 
situational awareness, but it is no 
substitute for time underwater. 
Only by making actual dives can 
trainee mine clearance divers 
develop adequate situational 
awareness to progress to actual 
fieldwork. The same applies to 
driving a car, flying a plane and 
to recreational divers.

I agree with your statement, 
“Proper situational awareness is 
something all training agencies 
should promote, teach, reinforce 
and practice.” Of the more than 
3 million U.S. residents who are 
thought to have scuba dived last 
year, however, only about 150,000 
(5 percent) were certified as basic 
divers that year. Thus the great 
majority of people who dive in a 
given year are not doing so under 
the watchful eyes of an instructor. 
The fact that the DAN Annual 
Diving Report shows that many 
diving fatalities were influenced 
by rusty or absent basic skills does 
not mean those skills were poorly 
taught, in the same way that not 

all traffic deaths can be explained 
by the quality of the driving 
instruction initially taken, often 
many years before.

Thank you for reading our 
Incident Insight article and 
for highlighting our Top 10 
Improvements list from the  
2016 DAN Annual Diving  
Report. We are now busy writing 
the 2017 report; when it is done,  
we will update the list to reflect  
our greatest concerns in 
recreational diving.

— Peter Buzzacott, MPH, 
Ph.D., DAN Director of Injury 

Monitoring and Prevention

SLOW DOWN
I just read through the Fall 2016 
issue — great stuff from start to 
finish. I particularly enjoyed the 
Shooter article about Douglas 
Seifert. Ned and Anna DeLoach’s 
“Clams and Friends” was a 
nice read, too. It makes a case 
for slowing down and looking 
around. Years ago I dived a 
nondescript site off Islamorada, 
Fla., made up mostly of broken 
coral. There wasn’t much to 
look at, but I slowed down and 
checked the overhangs and cracks 
with my dive light. In doing so I 
found a tiny juvenile trunkfish no 
bigger than a die. I had to look it 
up later in Ned’s book to confirm, 
but had I not slowed down a bit, 
I’d have never seen it. Keep up 
the good work.

— Jason Maddox,  
Point Richmond, Calif.
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WRITE US 
Tell us what’s on your mind 
by writing us at:

MAIL
Alert Diver, 6 West Colony Place
Durham, NC 27705

ONLINE
Send email to: letters@dan.org
All letters included in this column are 
subject to editing for length and content.

CONCH KUDOS
After reading the article about 
conch (Life Aquatic) in the Winter 
2017 edition, I was reminded of an 
encounter I had some years ago at 
the beginning of a dive in Roatan. 
A caption in the article mentions 
that we humans “aren’t the only 
species that enjoys eating conch.” 
I don’t speak octopus, but I am 
pretty sure this one was saying, 
“I’ve got mine, you get your own!” 
Thanks for an interesting article 
about an interesting critter.

— Paul Johnson, via email 

HANDLING THE TRUTH
Thank you, Stephen Frink and Alert 
Diver for the revealing look behind 
the scenes at the Winter 2017 
cover conundrum that led to your 
discussion with Brandon Cole about 
British Columbia’s local killer whales 
(Publisher’s Note, Winter 2017). 

I read my issue of Alert Diver, 
coincidentally, during downtime 
while attending an emergency 
meeting of U.S. and Canadian 
scientists in Seattle, Wash., to 
confer about the plight of these 
endangered orca (officially known as 
the southern resident killer whales, a 
distinct population that after a rash 
of deaths in 2016 has fallen to just 
78 individuals and is named one of 
eight “Spotlight” species — out of 

the 1,652 on the endangered 
species list — most in 
danger of extinction).

Your view of the 
killer whale photo first 
as celebratory and then 
cautionary fits with other 
stories in that excellent 
issue, such as the one 
about coral restoration 
in the Florida Keys. 
Unfortunately, we can’t 
raise 50 orcas in a nursery 
to get the southern 
resident killer whales back 

to the numbers there were before 
they were rounded up for marine 
parks, but in this era of big budget 
cuts to NOAA and the EPA, and 
talk of limits to the ESA, divers 
passionate about marine wildlife 
can educate themselves about  

the threats to orcas and the rest 
of our underwater world and get 
active to keep it all from being 
further damaged. 

Too often, dive and travel 
magazines steer clear of talking 
about environmental troubles 
because it might tarnish 
the aspirational fantasies 
communicated by the beautiful 
destinations featured and advertised 
within their pages. So kudos to 

Alert Diver for trusting your readers 
to be able to handle the truth about 
threats to our marine wildlife and 
ecosystems, just as you trust us to 
handle the realities of dive health, 
safety and accidents. We love diving 
and want it to be safe, just as we 
love the marine environment and 
want it to remain healthy.

One more note about coral 
restoration: I still have photos 
of the Keys’ once-lush forests 
of elkhorn and dense tangles of 
staghorn coral that I took way 
back in 1980 as a freshman marine 
science student who’d rented a 
Nikonos III from a young guy 
named Stephen Frink at his little 
booth in a Key Largo dive shop. 
Keep up the great work! AD

— Bob Friel, SeaDoc Society, 
Orcas Island, Wash. 
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F
lorida’s goliath groupers are one of 
my favorite fish. In addition to being 
quite large, the animals’ unflappable 
nature and unique appearance make 
them great photo subjects, especially 
off South Florida’s Palm Beach Coast. 

The visibility here is often very good, and the local 
goliath grouper population is robust. The presence 
of these giant groupers has created a big-ticket 
attraction for local dive operations, especially during 
August and September, when these fish aggregate in 
large numbers to spawn. Jumping in the water and 
coming face to face with 20, 30 or sometimes as many 

as 90 mature goliaths is a special treat. Although 
populations have rebounded dramatically around 
Florida, not everything is rosy for these big fish. 

BACK FROM THE BRINK
By the late 1980s overfishing had decimated Florida’s 
goliath groupers. In 1990 the South Atlantic Fishery 
Management Council and the Gulf of Mexico 
Fishery Management Council enacted an emergency 
moratorium against taking or possessing the fish in U.S. 
federal waters. Then the U.S. added the goliath grouper 
as a candidate to the Endangered Species List in 1991. 
Under the Magnuson-Stevens Fishery Conservation and 
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Management Act, the National Marine Fisheries Service 
(NMFS) of the National Oceanic and Atmospheric 
Administration (NOAA) assesses fish stocks and ensures 
regulatory compliance for protected species. In the years 
since protection began, goliath grouper numbers have 
rebounded on both Florida’s east and west coasts, but 
their numbers were so low that spawning aggregations 
were not documented until 10 years after protection was 
put in place. 

Today protection efforts are seen as a success, as 
mature fish can once again be found on reefs and 
wrecks, and spawning aggregations occur annually. 
But this recovery has also sparked strong emotions 
and divided opinions. Some interest groups want the 
goliaths to be eligible for commercial harvest, and 
others push for limited recreational access. Those in 
favor of continued protection believe the fish cannot 
handle the pressure of any harvest, which would quickly 

remove large breeders from the population and send 
their numbers crashing. This fear is not unfounded. 
The Atlantic goliath grouper (Epinephelus itajara) and 
its close relatives are in serious decline throughout the 
rest of their natural range. Outside of Florida, their 
numbers are now near zero, and organizations such as 
the International Union for Conservation of Nature and 
Natural Resources (IUCN) currently have them on the 
Red List as “critically endangered.” 

While this argument goes on, an even darker 
specter has emerged to threaten these fish: mercury. 
The year goliaths were granted protection, the job 
of monitoring the species was put into the hands of 
scientists at NMFS and Florida State University (FSU). 
FSU research ecologist Chris Koenig, Ph.D., and his 
colleagues began a detailed study of the fish’s natural 
history. I was introduced to Koenig’s research during a 
goliath grouper spawning aggregation survey trip in the 
southern Gulf of Mexico in 2001. 

Since then, Koenig has kept me informed about the 
latest findings as they continue to collect data using 
nonlethal capture and sampling methods on hundreds 
of goliath groupers, from juveniles to full adults more 
than 7 feet long. The most recent information came 
from a Marine Fisheries Initiative Program (MARFIN) 
report titled “Regional Age Structure, Reproductive 
Biology and Trophic Patterns of Adult Goliath 
Grouper in Florida,” which Koenig and fellow FSU 
biologist Felicia Coleman submitted to NOAA. In the 
report’s section on diet and the dynamics of heavy-
metal contamination, FSU doctoral student Chris 
Malinowski reported levels of methylmercury in adult 
goliath groupers that were frightening, to say the least. 

HEAVY METAL
Methylmercury is particularly nasty stuff with a 
propensity to accumulate appreciably in the tissues of 
fish and to cause direct harm to both the fish and its 
human consumers. This highly toxic compound was 
the cause of one of the worst epidemics of mercury 
poisoning in modern history. In the spring of 1956 
residents of the Japanese city Minamata came down 
with a range of symptoms including acute ataxia 
(severe loss of coordination), numbness in the hands 

Scientists at the National Marine Fisheries Service and Florida 
State University are now monitoring the high levels of mercury 
being found in goliath grouper.

Opposite: Goliath grouper aggregate in large numbers off Florida’s 
Atlantic coast but have disappeared throughout the rest of their 
range and are listed as “critically endangered” by the IUCN.
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and feet, visual distortion, and temporary and even permanent hearing and 
speech impairments. Even more dire symptoms of Minamata disease, as 
it became known, included insanity, paralysis and coma followed by death 
within weeks of the first onset of symptoms. It was eventually determined 
that these maladies were caused by eating fish contaminated with large 
amounts of mercury dumped into Minamata Bay from a nearby chemical 
plant. Birds, domestic animals and more than 900 people died from this 
contamination. Many more suffered sublethal effects.

To learn more about methylmercury, I contacted Malinowski, who 
has been working with Koenig since 2012. Malinowski’s work started as 
a preliminary study after reading a paper published by Florida Fish and 
Wildlife Conservation Commission (FWC) biologist Douglas H. Adams 
and Christian Sonne in 2013 about mercury concentrations in goliath 
groupers in one area of Florida’s west coast.

Adams and Sonne’s work was based on tissue samples from 56 goliath 
groupers (42 postmortem) collected from Gulf of Mexico and Atlantic 
Ocean waters off Florida. These samples showed methylmercury 
concentrations in the muscle tissue of fish at an average of 0.63 ug/g 
(micrograms per gram = parts per million [ppm]). Brain, gonad and kidney 
tissue samples produced similar results. The highest levels were in livers, 
with concentrations of 2.87 ppm in 4-inch juveniles to 22.68 ppm in older 
fish that were more than 7 feet long.

“The 2013 Adams and Sonne paper prompted my interest in learning 
how and where these fish were getting the mercury and how it impacts 
their health and survival,” Malinowski said. He explained that further 
research revealed not just patterns of accumulation but also that the 
elevated methylmercury levels are not a localized event but one affecting 
the fish through their entire range in Florida waters. 

Goliaths spend the first five to six years of their lives among the 
mangroves found in estuarine habitats (that’s a notably long time for a 
fish to spend in a nursery environment). By the time they are ready to 
move offshore and populate coastal reefs and wrecks, they are around 
3-4 feet long. Although they are technically old enough to breed at 

The high levels of mercury being found in goliath 
grouper not only make the fish unsafe for humans 

to eat, they poison the living fish as well.
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this point, another two to four years pass before they start joining 
reproductively active adults during the spawning season. Data show 
that goliaths don’t reach peak fecundity until around 12 to 15 years of 
age, with the most virile fish measuring 5.5-6.5 feet long and tipping 
the scales at 250-500 pounds. 

Malinowski began finding methylmercury concentrations in the 
muscle tissues (filet portion) among 7- to 10-year-old fish at an average 
of 1.5 ppm, with maximum figures as high as 2.6 ppm. More disturbing, 
concentrations in older fish 5.5 feet long and longer were through the 
roof, with figures as high as 4.5 ppm.

The U.S. Food and Drug Administration (FDA) set an “action level” 
(above which it prohibits the sale of fish) for methylmercury levels in 
fish for consumption at 1.0 ppm. The U.S. Environmental Protection 
Agency (EPA) draws its red line for being dangerous to consume at  
0.3 ppm, and the Natural Resources Defense Council (NRDC) draws  
its line at 0.5 ppm. 

While two-thirds of commercially caught fish and shellfish are 
generally well below those numbers, some are significantly above that 
range. Tilefish from the tropical Atlantic and Gulf of Mexico test at  
the top of the EPA’s list, averaging 1.45 ppm of mercury. Swordfish and 
large species of sharks (mako, thresher, lemon, sandbar, etc.) come  
in second and third, averaging anywhere between 0.97 ppm and 1.00 
ppm of mercury, while king mackerel takes fourth place, averaging  
0.73 ppm of mercury. 

The EPA’s current reference dose (the amount of methylmercury to 
which an individual can be exposed on a daily basis without adverse 
health consequences) is 0.1 micrograms per kilogram of body weight 
per day. Based on this figure, a 200-pound person could consume a 
total of 9 micrograms of mercury in one day. Using the figure for king 
mackerel and multiplying it by a standard serving size of six ounces, the 
mercury dose would be 124 micrograms, which is not good. The exact 
same size portion of goliath grouper with a 4.5 ppm concentration of 
methylmercury would have a whopping 765 micrograms. To come in 
under the reference dose, a 200-pound person could eat only 2 grams of 
goliath grouper, which would hardly amount to a single bite.  

CANARIES IN THE COAL MINE
In addition to finding methylmercury levels as high as 4.5 ppm in the 
muscle tissue of goliaths, Malinowski determined that concentrations 
in the fishes’ liver and other organs were as high as 32 ppm. Equally 
worrisome, several of the larger fish from which tissue samples were 
extracted also had lesions on their gills, liver and kidneys. 

These findings showed that not only are high mercury levels correlated 
to age in goliath groupers, but also that these fish are not immune to 
the ravages of long-term mercury poisoning. The saturation levels FSU 
researchers are finding in the goliath population are showing blood 
chemistry health results consistent with malnutrition, disease, lower 
disease resistance, cell damage, and nerve and muscle function. The 
results of these health impairments and of mercury levels passed from 
females into their eggs could be reductions in offspring viability, growth 
and development, mobility and survival rates. 

Florida’s goliath groupers may very well be the proverbial canaries 
in the coal mine. What’s affecting them is most likely a result of what 
humans are doing to the environment, which will come back to haunt us 
one day. Maybe it already has. AD
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THE KEYS TO OUR HEARTS
By Peter Buzzacott, MPH, Ph.D.

I
n November 2016 a team of four researchers 
from DAN® traveled to the Florida Keys to 
meet with dive club members who had just 
arrived on vacation at a dive resort. Prior to 
the trip, many of the divers had consented to 
take part in an ongoing DAN study to record 

the heart rates of divers over age 40 while they were 
diving. This was the fourth DAN research trip to study 
the effects of diving on heart rhythm. 

We recorded electrocardiograms (EKGs) before, 
during and after dives. For continuous underwater 
recording of EKGs we used Holter monitoring devices 
that we waterproofed in collaboration with a technician 
at the Duke Center for Hyperbaric Medicine and 

Environmental Physiology. Unlike the chest-strap-type 
heart-rate monitors, which record just the heartbeat, 
EKGs record electrical events that cause heartbeats 
and provide insight into possible causes of rhythm 
anomalies (dysrhythmia) if they occur. 

Water, especially saltwater, changes how electrical 
signals travel, so the electrodes attached to the skin 
must be properly sealed to obtain good-quality 
signals. In clinical settings, EKGs are recorded while 
subjects rest to avoid electrical signals that originate in 
exercising muscles. In diving, a lot of muscle activity 
is involved that interferes with electrical signals from 
the heart. Professor James Grier of North Dakota 
State University developed and tested procedures 
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for underwater recording of 
EKGs that minimize muscular 
interference. 

During diving, the pressure 
associated with immersion and 
the cooling of the skin cause 
blood to move away from the 
surface and limbs and to pool 
in the central vessels, affecting 
the loading of the heart. This 
changes the way our hearts 
beat. Immersion of the face 
alone can lead to slowing of 
the heart rate via the so-called 

A DAN researcher records an 
electrocardiogram (EKG) of a 
diver during a cardiac health 

study of divers over 40.
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diving reflex. Despite many studies, the resulting effects 
of the combination of these factors are still not well 
understood, but there is suspicion that they increase 
the risk of dysrhythmia while diving, which in extreme 
cases may lead to deadly heart dysfunction. Our study 
explores the occurrence and nature of dysrhythmia 
while diving and possible predictive factors.

Since it is neither cost effective nor practical to send a 
team to recruit one or two divers at a time into this study, 
DAN Research sought opportunities to join dive clubs 
on trips in which at least 15 divers would volunteer to 
participate in the study. The latest trip took place in Key 
Largo, Fla. After the DAN Institutional Review Board 
approved the study, we gave interested divers participant 
information sheets that described the proposed research, 
and those who agreed to participate signed consent forms. 

On the first day of the study, each participant lay down 
on a cot and underwent a baseline recording via a 12-lead 

EKG, which is the sort you would find in a hospital. Each 
participant wore a smaller three-lead EKG underwater 
during two dives, had another 12-lead EKG recording made 
during the dive trip on a nondiving day and then underwent 
one final 12-lead EKG recording at the end of the trip.

DAN researchers are now performing detailed 
analysis of the data as they prepare to write their first 
scientific paper on this study in the coming months. A 
few early results are apparent.
• Gearing up for the dive and entering the water 

increase divers’ heart rates, sometimes approaching 
the maximum for a diver’s age.

• Once we are underwater, our hearts slow down. The 
heart rate is only one indicator of heart strain, and a 
lower heart rate does not necessarily mean less strain 
on the heart muscle.

• Moving our arms around, not being streamlined and 
not moving slowly substantially increase divers’ heart 
rates and also increase interfering electrical signals 
from the muscles.

• At the end of the dive, the heart rate increases again 
while the diver exits the water.
An in-depth analysis of the EKGs will look for various 

rhythm anomalies, their nature and how often they 
occur. Meanwhile, tips for reducing stress on the heart 
during dive days include the following:
• Take your time gearing up, and have someone pass 

nonessential equipment (such as cameras) to you 
after you are in the water.

• Make sure you are correctly weighted; otherwise you 
will displace more water to become neutrally buoyant, 
and it will take more work to move through the water.

• Streamline your gear, and minimize unnecessary arm 
movements.

• Try to be horizontal when moving forward through the 
water; this significantly reduces the work of moving, 
which directly translates to workload on your heart.

• Keep an eye on your compass, and try to surface near 
your boat or the exit at the end of the dive to avoid 
long surface swims.

• When possible, leave nonessential equipment (such 
as cameras) topside rather than leaving them clipped 
to your buoyancy compensator.

• Once you’re out of the water, sit down, relax and take 
a minute to reflect upon your dive. This allows your 
heart a few moments to return to normal.
DAN Research thanks all divers who have 

participated in this fascinating study so far. DAN may 
wish to join another dive club in 2017 to record more 
heart-rate data, so interested dive clubs should contact 
Peter Buzzacott at pbuzzacott@dan.org. AD
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The DAN team 
recorded EKGs 
before, during 
and after dives.

“GEARING UP FOR THE DIVE AND 
ENTERING THE WATER INCREASE 

DIVERS’ HEART RATES, SOMETIMES 
APPROACHING THE MAXIMUM  

FOR A DIVER’S AGE.”
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T
he first time Jillian Morris encountered 
a shark underwater, something bothered 
her. She was 8 years old and snorkeling 
near Crystal River, Fla. It wasn’t that she 
was afraid — floating there observing, 
she found the little nurse shark endlessly 

fascinating. The problem was that it didn’t match a single 
one of the stereotypes she’d been led to believe about sharks.

“In my experience, sharks haven’t been anything like 
what people say about them — ‘they’re bad, they’re scary, 
they’re monsters,’” Morris said.

Since that first encounter she has spent thousands of 
hours exploring and documenting the world of sharks as 
a student, researcher, scuba instructor and videographer. 

And over time her childhood hunch about sharks being 
unfairly maligned developed into an ironclad conviction 
— and a drive to set the record straight.

DEFYING EXPECTATIONS
Nowhere is that drive more evident than in Sharks4Kids, the 
nonprofit organization Morris founded in 2013 to educate 
young people around the world about her favorite fish. 
The idea came to her in 2008 after she noticed a recurring 
theme when she shared photos and videos of her underwater 
adventures, explaining, “You get reactions like, ‘Oh my gosh, 
I thought you couldn’t be in the water with sharks.’” 

And yet there she was, on screen, surrounded by 
the silently gliding predators — sometimes 10 or more 

SCHOOL OF SHARKS
A TEAM OF SHARK EXPERTS BRINGS FIRSTHAND 
EXPERIENCE TO THE CLASSROOM.
By Matt Dozier
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Derek Burkholder, Ph.D., Jillian Morris 
and Jeffrey Carrier, Ph.D., expose a 

group of students to shark tagging on a 
Sharks4Kids and Seacamp shark trip.
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at a time — completely at ease. 
Audiences were captivated. 
When she took her presentation 
into classrooms, the students 
bombarded her with questions. 

“I realized, ‘OK, there’s 
something to this,’” Morris said. 
She set out to create lessons 
aimed at dispelling shark myths, 
using her personal experiences, 
underwater footage and accurate 
scientific information about 
sharks. Her husband, filmmaker 
Duncan Brake, and their close 
friend, shark scientist Derek 
Burkholder, Ph.D., signed on for 
the challenge, and Sharks4Kids 
was born.

“It was the three of us saying, 
‘Right, we really love sharks. We 
love the ocean. And we want 
to make sure that we’re going 
to continue to be able to see 
sharks,’” Morris said. Teaching 
kids to value and appreciate 
sharks and the ocean seemed 
like the best way to help ensure a 
future for the misunderstood and 
overexploited creatures.

SOMEWHERE ACROSS 
THE SEA
As the team moved forward 
with developing K-6 lesson plans 
for the Sharks4Kids website, a 

dilemma arose: How would they 
get Morris, who lives on the 
remote island of Bimini in the 
Bahamas (“a sharky place,” as she 
called it), in front of classrooms 
around the world?

Technology presented an 
answer. Skype, the popular 
messaging application, began 
soliciting participants for its 
“Skype in the Classroom” series, 
offering an ideal virtual venue for 
Sharks4Kids’ unique style of high-
energy, lecture-meets-show-and-
tell presentation. It didn’t hurt that 
the Sharks4Kids team was already 
familiar with the app: “I live on a 
tiny island,” Morris said, “so Skype 
is how I talk to everyone.”

They did not anticipate how 
popular the Skype lectures would 
be. Morris said it wasn’t long until 
she was dialing in to 25-30 classes 
per week. Her cofounders, Brake 
and Burkholder, also host their 
share of Skype calls.

Two of those calls went to Kyle 
Snoddon’s sixth-grade class at 
Bright’s Grove Public School in 
Bright’s Grove, Ontario. Snoddon 
said he found Sharks4Kids on the 
Skype in the Classroom website 
and chose it for the subject matter. 
He said many of his students were 
afraid of sharks before the talk, 

Sharks4Kids has reached 16,300 kids through classroom visits in the U.S., Canada, U.K. 
and Caribbean and tens of thousands remotely. 

D
U

N
C

AN
 B

R
AKE



ALERTDIVER.COM  |  27

but afterward they “came away 
with a desire to spread the word 
about how sharks are actually 
lovely, necessary, misunderstood 
animals.” “They’ve really taken it 
on as a quest,” he said.

The students’ eagerness is 
due in part to the information 
Morris shares in her talks — 
such as the statistic that 100 
million sharks are killed by 
humans every year. But it’s also 
due to her attitude. “Jillian is 
very enthusiastic and warm,  
and she backs it up with all 
kinds of expertise,” Snoddon 
said. “The kids are really drawn 
to that.” So drawn to it, in fact, 
that his class helped organize a 
second Skype session for several 
grades in the school gym. That 
session drew nearly 200 students 
and teachers.

“Whenever Jillian is talking, it 
really comes through that she’s 
talking to you individually,” said 
sixth-grader Kennedy Lucas, 11. 
“She makes you feel that you 
have potential — that you’re 
able to do anything you want.” 

LOTS OF GROWING
How quickly Sharks4Kids has 
grown really hit home when 
the trio began tallying their 
numbers at the end of 2015. “It 
snuck up on us,” Burkholder 
said. “We knew we had done 
a fair bit, but only when 
we sat down and counted 
everything up did we realize 
we’d done more than we could 
have expected. And it’s just 
continued to grow from there.”

Since 2014, Sharks4Kids has 
hosted more than 700 Skype 
calls, connecting with 30,000 
students in 47 U.S. states and 
38 countries, including Kenya, 
Malaysia, China, South Korea 
and South Africa. Around 
two dozen Google Hangouts 
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reached another 4,700 kids. Their in-person 
classroom visits have reached 16,300 kids in 
the U.S., Canada, United Kingdom and the 
Caribbean, and the organization has taken 
more than 300 students snorkeling with 
sharks or on shark-tagging trips. 

Burkholder said the next steps for the all-
volunteer nonprofit group include securing 
more funding and adding more full-time staff 
— basically, treating Sharks4Kids more like a 
business than the “passion project” it began 
as several years ago.

A DEEPER UNDERSTANDING
On the surface, Sharks4Kids is all about sharks. But there’s an undercurrent 
of empowerment running through the organization’s approach — certainly 
empowerment of students to become stewards of the ocean, but also to challenge 
stereotypes (such as the man-eating shark) and think critically about their place in 
the world. “At the heart of it is getting kids to understand that even if they never 
see the ocean, they are connected to it,” Morris said. 

And when that connection happens, even if it’s just one student out of a hundred, 
she said it makes all the hard work and frustration of fighting for shark conservation 
worth it: “There’s still so much fear of sharks, but when you connect with these kids 
it’s like, ‘All right, we might just do this.’ That gives us the hope to keep going.” AD
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“...WE REALLY LOVE 
SHARKS. WE LOVE 
THE OCEAN. AND 

WE WANT TO MAKE 
SURE THAT WE’RE 

GOING TO CONTINUE 
TO BE ABLE TO 
SEE SHARKS.”

In addition to promoting marine stewardship, Sharks4Kids seeks to empower 
students to think critically about their place in the world. 
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J
ames Wilkins Bunch was already a legend 
in North Carolina’s Outer Banks when 
his second book, Germany’s U-85 — A 
Shadow in the Sea: A Diver’s Reflections, 
was published in 2003. The book, about the 
German submarine U-85, the first U-boat 

to be sunk off the U.S. East Coast during World War 
II, has fascinated readers and enthralled divers with 
its account of the exploration of the sunken vessel 
and the recovery of its Enigma M4 machine. As a dive 
instructor and dive shop owner, Bunch has trained 
and certified hundreds of new divers while introducing 
them to his passion: the ocean realm. 

Jim, you’ve had a long and distinguished  
career as an instructor, explorer, photographer, 
historian, author, lecturer and more. But those 
areas are not exactly what you were trained  
or educated to do. What did you expect your  
work life to be?
After high school I headed off to N.C. State for 
college, and I thought I’d be an engineer. By the 
second semester it was getting cold; walking across 
campus one day, I heard a radio blaring about 
Miami, and I decided to head south. The next year 
I was studying marine sciences at the University of 
Miami and spending a lot of time at Miami Beach, 
Fla. The Vietnam War was heating up, and I joined a 
Navy flight program. After I graduated from Miami 
with a degree in marine biology, I earned a master’s 
degree at Old Dominion University’s Institute of 
Oceanography in Norfolk, Va. For the next 10 years 
I worked as a civilian oceanographer with the Army 
Corps of Engineers.

Where and when did you learn to scuba dive, and 
how did you get into photography?
As a kid I was always in the water, and I started skin 
diving by the time I was 7 or 8. I actually learned to 
dive, sort of, from a retired U.S. Navy Underwater 
Demolition Team (UDT) diver when I was about 12 
years old. A family friend owned a grocery store and 
ordered some U.S. Divers gear from a catalog for 
me. I strapped on a steel 72-cubic-foot tank (with a 
K-valve) with an Aqua-Master double-hose regulator 
and a weight belt and headed a few hundred yards off 
shore of Perry’s Drive-In in Kill Devil Hills. Norwood 
Rector, who had a small dive shop in a garage behind 
the drive-in, had instructed me to not hold my breath. 
I told him I wouldn’t and thus completed my training. 
I had no buoyancy compensator (BC) or any other 
equipment except the scuba unit, weights, my old Voit 
Viking fins and Champion mask. When I first saw 
shipwrecks and realized I could breathe underwater, I 
was hooked for life. 

Later, when I was in Miami, I got certified by Jack 
Chappell. He ran a dive operation and would take 
us to the Keys to practice with our double-hose 
regulators and horse-collar BCs. About the same time 
I started to learn underwater photography from Jerry 
Greenberg and some other divers. I bought a Dimitri 
Rebikoff housing and then a Calypso underwater 

Hometown: Kill Devil Hills, N.C. 

Years Diving: More than 60 (more than 8,000 dives)

Favorite Destination: North Carolina,  
especially the U-85 

Why I’m a DAN Member: I belong to DAN  
for the security it offers and the technical and  
medical articles in Alert Diver magazine.

JIM W. BUNCH
By Joe Poe
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camera around 1963 and started shooting without 
strobes. It wasn’t easy getting decent photographs on 
shipwrecks in the ’60s. You had to be there on a good-
visibility day, and without strobes you had to have 
your technique just right. I learned a thing or two over 
the years just shooting.

Your photographs of the U-85 adorn your books 
and are displayed at the N.C. Aquarium on 
Roanoke Island. How did you become such an 
expert on the U-85?
I came home from college every summer and dived 
the wrecks and reefs offshore, and I continued  
doing it after I went to work as a civilian 
oceanographer. In the mid-1970s I heard about a 
submarine 16 miles or so off Nags Head, N.C.,  
and finally got to see it in 1978, when Jim Stuart  
took me out in his small dive boat. My first dive on 
it was probably the most exciting experience I’ve 
had. And the second most exciting was taking divers 
down to see it and telling people about the history 
of it. I became an instructor with the National 
Association of Underwater Instructors (NAUI) in 
1980 just to treat other divers to that experience. 
Later my wife and I started our own dive operation, 

Sea Scan Dive Center, mostly so I could dive on  
the U-85. 

So finding the Enigma machine was not the most 
exciting experience you have had while diving?
The recovery of the Enigma was a truly amazing 
moment for me and my dive buddies, Roger and Rich 
Hunting and Billy Daniels. We spent many cold, dark 
and scary hours inside the U-85, and for those dives 
to culminate in a historical recovery has meant a great 
deal in my life. Finding the Enigma M4 in 2001 and 
donating it to the Graveyard of the Atlantic Museum 
in Hatteras, N.C., where it is on permanent display, 
was a highlight of my more than 1,000 dives on the 
submarine. But even more exciting and meaningful 
to me is how much my teaching and taking people to 
the U-85 has meant to them. I will always cherish the 
new divers, young and old, who told me how much 
I changed their lives, even though I know it was the 
ocean environment, not me, that really awed them. 

The ocean has been my life; the diving has just been 
the means to experience it — from the time I was a 
little boy with a homemade spear gun to writing and 
talking about it today. I’m still surfing, too, when the 
waves rise. AD 

Clockwise from left: Bunch 
shows off an artifact from 
the U-85. Bunch’s new book, 
U-Boats Off the Outer Banks, 
will be published in July 2017. 
Bunch wrote Germany’s U-85 
— A Shadow in the Sea: A 
Diver’s Reflections in 2003. 
He has logged more than 
1,000 dives on the U-85. The 
U-85’s Enigma M4 machine is 
now on permanent display at 
the Graveyard of the Atlantic 
Museum in Hatteras, N.C.

LEARN MORE
Jim Bunch’s new book, U-Boats Off the Outer Banks: 
Shadows in the Moonlight, about submarines stalking their 
prey off the North Carolina coast in 1942, is scheduled to be 
published in July 2017 by The History Press. 
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PUBLIC SAFETY ANNOUNCEMENT

PROGRAM SPOTLIGHT

A
s part of DAN’s new Professional 
Membership program, 
professionals can now provide 
free medical coverage to their 

entry-level open-water students. Eligible 
students may sign up through participating 
instructors to receive up to $25,000 of 
coverage in medical expenses for injuries 
sustained during open-water training.

Diving is a social sport, so divers like 
to recruit new people into the community. 
DAN® created its Student Medical 
Coverage program especially for entry-
level dive students to make sure they 
engage in safe diving practices from the 
very beginning. 

In the past DAN provided free student 
membership that covered the cost of 
hyperbaric chamber therapy in the event 
of decompression injuries during training. 
Recognizing that decompression illness 
(DCI) makes up only a small portion of 
diving injuries, DAN’s new program will 
also cover other issues of concern to 
divers, such as barotrauma and marine 
life injuries. This new program represents 
a significant increase in coverage and 
benefits for entry-level divers. 

This exclusive benefit provides 
coverage for 90 days after registration or 
until the last certifying dive, whichever 
comes first. Enrollment is completely free 
for students and instructors and requires 
no additional paperwork from instructors.
For more information, visit DAN.org/PIM.

BOATING AND DIVER SAFETY

W
hether we dive in a lake, from 
the shore or in open water, we 
often share the water with boats, 
jet skis and other watercraft. 

It’s important to have a healthy respect for 
and knowledge of boater–diver etiquette, 
especially during the summer months and 
in areas with heavy boat traffic. Familiarize 
yourself with these safe-boating guidelines, 
and share them with 
friends who spend time on 
or in the water.

BOATERS
To avoid injuring or killing 
divers with vessel strikes 
or propellers, boat drivers 
must be vigilant about 
maintaining a safe distance 
from dive flags. In open 
water, a safe distance is at 
least 300 feet from the flag; 
in rivers, inlets or navigation 
channels, that distance 
should be at least 100 feet. 

Simply adhering to these 
guidelines is not enough 
to ensure diver safety. It’s 
also important for boaters 
to constantly look for people in the water; 
realize that glare, waves and other factors 
can make seeing divers challenging; be 
able to provide first aid; establish clear 
communication with divers and swimmers; 
and ensure the engine is off before allowing 
any boarding or disembarking. 

DIVERS
Boaters cannot keep their distance unless 
they know where divers are; it’s therefore 
incumbent upon divers to appropriately 
use their diver-down or alpha flag. Once a 
flag is in place, make sure to stay within 
300 feet of it while diving in open water or 
within 100 feet in rivers, inlets or navigation 

channels. Try to surface as close to your flag 
as possible.

Beyond using appropriate signaling devices, 
you should take additional steps to enhance 
your safety in the water. Strive to remain 
visible, adhere to local laws and establish 
clear communication with boat operators. 
Be vigilant: Scan for boat traffic during your 
safety stop, create an emergency action 

plan, and remain clear of 
propellers at all times — 
even if they’re disengaged. 

SIGNALING DEVICES
For dive flags to be most 
effective, they should 
be stiff, unfurled and in 
recognizable condition. The 
most commonly used dive 
flag is the diver down, which 
should always be flown 
from a vessel or buoy when 
divers are in the water. The 
internationally recognized 
alpha flag indicates that 
other vessels should yield 
the right of way. 

Surface marker buoys 
are also common and are 

typically deployed during a diver’s ascent. 
Divers may also choose to use an audible signal 
(such as a whistle), a dive light or a signaling 
mirror to notify boaters of their location.

ACTION PLANS
Because regulations vary according to location 
and vessel type, your action plan should 
accommodate local regulations and access to 
emergency services. Make sure you know how to 
respond and whom to call in case of a collision. 
To treat a laceration wound, stem blood loss 
by applying direct pressure and bandages, 
and get the injured person to medical services 
as quickly as possible. For more information, 
visit DAN.org/Health.

DAN STUDENT 
MEDICAL 
COVERAGE
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TRAVEL SMARTER

POTABLE WATER SAFETY

B
efore traveling to certain 
parts of the world, you 
may have heard the 
recommendation to “boil 

it, cook it, peel it, or forget it.” 
While this is a great mnemonic 
to help you remember how to 
avoid consuming contaminated 
food or beverages, it helps to 
understand the mechanisms 
behind infection. 

Travelers who get sick after 
ingesting contaminated water 
most often experience travelers’ 
diarrhea (TD). According to the 
U.S. Centers for Disease Control 
and Prevention (CDC), TD is the 
most common illness affecting 
travelers and may occur in 30 to 
70 percent of travelers, depending on the destination and season of travel. 

While most cases resolve on their own after a few days, TD is unpleasant and can ruin a vacation. Most cases of TD are caused 
by bacteria, including Escherichia coli (E. coli), Salmonella and others. Occasionally, viral infections from rotavirus, norovirus and 
astrovirus also lead to TD. It is also important to note that TD isn’t the only illness caused by unsafe water. You can also get more 
serious infections, such as hepatitis A or typhoid.

It can be difficult to completely avoid unsafe water, but the key to doing so is to be careful about what you eat and drink and 
make sure all water used for hygienic purposes is also clean. Here are some tips about what is usually safe and what to avoid 
when traveling to areas where TD is common. 

Often Safe Avoid

Drinking • bottled and canned drinks
• drinks made with boiled water
• pasteurized milk from sealed bottles
• liquor without ice

• tap water and fountain drinks
• freshly squeezed juice or ice pops
• ice
• beer and wine on tap

Eating • dry food (e.g., bread or crackers)
• factory-sealed canned and bottled foods
• produce you wash or peel yourself

• salads or food from salad bars or buffets
• produce not washed or peeled yourself
• unpasteurized dairy

Washing • brushing teeth with bottled or boiled water
• washing hands with clean water and soap
• alcohol-based hand sanitizer

• brushing teeth with tap water
• not washing hands / not using soap
• washing hands in contaminated water

For divers, it is also critical to avoid swimming with open cuts or wounds or swallowing water while in potentially unclean water.
If despite your best efforts you come down with a case of TD, make sure you drink plenty of fluids to avoid dehydration. Over-

the-counter diarrhea medicine such as loperamide may also help. If symptoms are particularly severe or prolonged, or if the 
person suffering from TD is very young or old or suffers from a chronic medical condition, seek immediate professional medical 
assistance. The sufferer may require antibiotics or further medical intervention. 

For more information, visit CDC.gov or DAN.org/Health. AD
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Be Ready To Respond
 
Every day, divers and emergency response personnel around the world trust DAN’s oxygen units and first aid kits to perform in 
an emergency. That’s because DAN’s products have been developed, tested and refined with input from leading doctors and 
researchers to meet the discriminating requirements of the diving community. So be ready to respond. Explore DAN.org/STORE 
and make sure you are prepared to effectively handle an emergency situation with the latest safety equipment. 

The Leader In Dive Safety For More Than 35 Years DAN.org/STORE

1. Note: Oxygen units may require prescriptions and/or training in administration of oxygen before they can be filled.
2. Note: All cylinders are shipped empty.
* O2 delivery times listed are approximate and will vary based upon rate of flow and other factors.

SOFT-SIDED EXTENDED CARE BACKPACK
DAN’s lightweight, soft-sided, easy-to-transport oxygen unit holds one Jumbo 
D cylinder that delivers approximately 45-60* minutes of oxygen. Its large mesh 
pockets, deep stuff pocket, and dual external zipper pockets offer ample  
storage for a range of accessories. This bag is equipped with an adjustable 
backpack harness system that distributes weights for added comfort over long 
distances. Includes a brass multifunction regulator, demand valve with hose, 
nonrebreather mask, oronasal resuscitation mask and Tru-Fit mask. 

Optional second cylinder shown.

RESCUE PAK
DAN’s Rescue Pak is a compact oxygen unit featuring a smaller M9 cylinder 
that delivers approximately 14-20* minutes of oxygen. This unit also comes 
complete with a brass multifunction regulator, demand valve with hose,  
nonrebreather mask, oronasal resuscitation mask, Tru-Fit mask, and a  
waterproof Pelican 1450 case. Ideal for wet environments and locations  
closer to emergency assistance.

RESCUE PAK EXTENDED CARE
The Rescue Pak Extended Care unit offers the same features as
the Rescue Pak but comes with a larger Jumbo D cylinder that
boosts oxygen-delivery capacity to approximately 45-60* minutes. 
Includes a brass multifunction regulator, demand valve with hose, 
nonrebreather mask, oronasal resuscitation mask, Tru-Fit mask, 
and a waterproof Pelican 1600 case. Ideal for wet environments 
and locations slightly farther from emergency assistance.

DUAL RESCUE PAK EXTENDED CARE
The Dual Rescue Pak Extended Care oxygen unit features two 
Jumbo D cylinders that deliver approximately 90-120* minutes 
of oxygen. This unit comes complete with a brass multifunction 
regulator, demand valve with hose, nonrebreather mask, oronasal 
resuscitation mask, Tru-Fit mask, and a waterproof Pelican 1600 
case. Ideal for wet environments and locations farther from 
emergency assistance. 

Oxygen Grant and EO2 Matching Grant
DAN provides emergency oxygen units to individuals, businesses and organizations that have a connection to 
diving and can demonstrate a financial need. To apply, contact OxygenGrant@DAN.org

EMERGENCY MANAGEMENT TRAINING
Diving Emergency Management Provider Course

The DEMP program prepares divers to address multiple problems at once by 
combining material from the following courses: Basic Life Support: CPR and 
First Aid; Neurological Assessment; Emergency Oxygen for Scuba Diving 
Injuries; and First Aid for Hazardous Marine Life Injuries.

Learn more at DAN.org/TRAINING
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and locations slightly farther from emergency assistance.

DUAL RESCUE PAK EXTENDED CARE
The Dual Rescue Pak Extended Care oxygen unit features two 
Jumbo D cylinders that deliver approximately 90-120* minutes 
of oxygen. This unit comes complete with a brass multifunction 
regulator, demand valve with hose, nonrebreather mask, oronasal 
resuscitation mask, Tru-Fit mask, and a waterproof Pelican 1600 
case. Ideal for wet environments and locations farther from 
emergency assistance. 

Oxygen Grant and EO2 Matching Grant
DAN provides emergency oxygen units to individuals, businesses and organizations that have a connection to 
diving and can demonstrate a financial need. To apply, contact OxygenGrant@DAN.org

EMERGENCY MANAGEMENT TRAINING
Diving Emergency Management Provider Course

The DEMP program prepares divers to address multiple problems at once by 
combining material from the following courses: Basic Life Support: CPR and 
First Aid; Neurological Assessment; Emergency Oxygen for Scuba Diving 
Injuries; and First Aid for Hazardous Marine Life Injuries.

Learn more at DAN.org/TRAINING
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Clockwise from top left: Weedy cardinalfish (Foa fo) mouthbrooding 
a fresh clutch of orange eggs; the same weedy’s full mouth five 
days later; tiger cardinalfish (Cheilodipterus macrodon) safeguarding 
a fresh clutch of eggs; young Banggai cardinalfish (Pterapogon 
kauderni) peer out of their father’s mouth



K
neeling on the weedy bottom of 
Lembeh Strait, our Indonesian dive 
guide, Man, gestures me over in the 
tender manner of someone showing 
off a sleeping child. With a pointing 
stick he carefully lifts a skirt of algae 

to expose a rusty-brown cardinalfish the size of a 
peanut shell. “This certainly isn’t a fish to get someone 
excited,” I think as I turn toward Man and shrug. Man 
points to his jaw. I look again. Sure enough, the jaws of 
the unfashionable little fish bulge with a mouthful of 
recently laid orange eggs. 

Nothing is more coveted on a reef than a dinner 
of plump, nutritious eggs, so protecting nests is hard 
work. To bypass this problem, most reef fishes spawn 
buoyant, millimeter-sized eggs by the thousands high 
above the reef. This hedge against hungry predators is 
the only parental assistance the offspring receive before 
being swept away with the currents on one of the most 
perilous odysseys in the animal kingdom. Within 24 
hours the embryos hatch into defenseless yolk-sac larvae 
that are barely able to swim in an oceanic world that 
seems every bit as dangerous as the reef.

In contrast, many small reef fishes, such as gobies, 
blennies and damselfishes, tend and guard nests. Their 
efforts help allow offspring to safely pass through 
the perilous yolk-sac stage inside the safety of egg 
capsules before they join the great pelagic voyage. 
Male cardinalfishes take their duties even more to 
heart by brooding their eggs inside their mouths. Both 
strategies produce hatchlings better prepared to fend for 
themselves during their multiweek metamorphosis in 
the open sea. But even with extended nurturing, only a 
scattering of the progeny will ever make it back to home 
waters or, as is often the case, navigate the currents to 
reefs miles away where they settle and begin adult lives.

Seeing an opportunity, Anna, Man and I hatch a plan to 
revisit the weedy cardinalfish, Foa fo, over the next several 
days to document the transformation of his incubating 
eggs. The following afternoon, visibility at the dive site 
has dropped considerably, but it doesn’t mater to Man. As 
if following road signs, he leads us through the haze on 
a lengthy swim that takes us over a featureless terrain of 
rock rubble pocked with patches of algae and sponge and 
right back to fo. Man peels back the vegetation, and sure 

enough fo is where we left him, but this time he turns 
away and buries his head in his algal home. 

Brooding males are easily unsettled and if distressed 
will bolt or, even worse, spit out their eggs, which 
would be horrifying. So we wait some distance away. 
Ten minutes pass before the father-to-be offers us a 
clear look at his swollen, jack-o’-lantern-orange jaws. 
We don’t detect any change in the clutch from the day 
before, but by the next morning the transformation has 
begun. The orange is gone, leaving behind a yellowish-
gray sheen. Day four brings the eyes, which first appear 
as dots inside the translucent capsules. On our fifth visit, 
large steely gray eyes by the thousands stare back at us, 
and a curl of vertebrae can be seen inside each swollen 
orb. The following morning, day six, the clutch is gone, 
released during the night. The dispersing larvae more 
than likely hitched rides on an outgoing tide that carried 
them through the mouth of the strait and into the sea. 

Like people who have lost a beloved pet, we miss fo 
and his brood and immediately set about searching for 
a replacement. During the afternoon dive Man locates 
a tiger cardinalfish lurking inside a crevice on a coral 
slope. Unlike our cherubic little fo, this is a massive 
4-inch brute with a fresh clutch of white eggs securely 
corralled behind a picket fence of teeth. 

On a roll, Man calls guides up and down the strait 
to see if anyone knows the whereabouts of an egg-
laden Banggai cardinalfish — a superstar among 
mouthbrooders. The males of this lovely, discus-shaped 
species not only brood 40 or so oversized eggs inside their 
mouths but also retain hatchlings within their jaws for 
10 additional days. As might be expected, the adaptation, 
which arose to eliminate the dangerous pelagic larval 
stage altogether, severely limits the species’ distribution. 
Until recently the species had been restricted to its 
historic home, the small set of Banggai Islands about 200 
miles south of Lembeh. Seventeen years ago, however, a 
fish collector unscrupulously introduced the highly prized 
aquarium exotic to the strait. 

A tip left on Man’s phone leads us to a 2-inch male 
Banggai with swollen jaws, hovering among a cluster of 
companions next to the wreckage of an old motor launch. 
Watching carefully, we occasionally catch a glimpse of tiny 
black-and-white faces — miniature versions of their parents 
— peeking out from the safety of their father’s mouth. AD

MOUTHS FULL OF EGGS
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Text and photos by Ned and Anna DeLoach



I
t’s not your imagination: Your 50-60 pounds of 
scuba gear feels heavier as you age. Sedentary 
people can lose as much as 5 percent of their 
muscle mass each decade after age 30. This 
muscle loss is called age-related sarcopenia. 

Don’t worry — this is, to some degree, preventable. 
All you have to do is participate in a strength-training 
program three days per week. Most age-related loss 
of muscle mass occurs in fast-twitch fibers, so target 
these fibers with heavier weight and more explosive 
movements. First, however, you must master proper 
form. A weight-training program that targets the 
muscles most used diving will allow you to do multiday 
dives without undue strain or fatigue. 

Strive to complete three sets of 10 for each of the 
following foundational lifts. To promote good form, 
be sure to allow sufficient rest in between attempts. 
Once these foundational lifts are mastered (i.e., the 
movements are mapped in your brain) you will be able 
to shorten your rest periods without risking injury. 
Always make sure you use collars on bars with weights 
to keep the plates from slipping off.

BARBELL BACK SQUAT  
The squat is an important move for scuba divers 
because it involves a large part of the muscular system 
and mimics standing with full scuba gear. This move 
targets the quadriceps, gluteals, adductors, spinal 

erectors, abdominals and hamstrings. Strength in these 
muscles allows you to begin dives with a lower heart 
rate and blood pressure and less stress.

1. Start with the barbell on the squat rack, and position 
it to rest on your trapezius muscles (traps) — not on 
the vertebrae in your neck.

2. Grasp the bar in a comfortable position, and pull 
your elbows back.

3. While looking at a point straight ahead, lift the bar 
off the rack.

4. Take a step or two back away from the rack.
5. Set your feet at shoulder width (or slightly wider) 

with your toes pointed slightly outward.
6. Slowly bend your knees, sitting back until your 

thighs are parallel or almost parallel to the floor, and 
keep your weight in your heels.

7. Return to a standing position.

Tip: Maintain a straight back by bending at your hips 
— not bending your spine.
Modification: Start by bending your knees to 45 
degrees (a quarter squat). Progress gradually toward 
achieving a 90-degree bend in your knees.
Challenge: Gradually increase your range of motion 
(ROM) by going deeper into the squat. When your 
pelvis begins to rotate, tucking the tailbone, you have 
reached the extent of your ROM. 

BENCH PRESS
The bench press 
targets the pectorals 
and also strengthens 
the triceps, anterior 
deltoids, serratus 
and coracobrachialis. 
These muscles can 
be useful when 
exiting the water into 
an inflatable tender.

1. Lie supine on a 
bench with your 
feet flat on the 
floor.

2. Grip the barbell with your hands slightly wider than 
shoulder width.

3. Slowly lower the bar to your chest.
4. Press the weight back up.

The DAN Guide to Healthier Diving
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By Jessica B. Adams, Ph.D., and Jaime B. 
Adams, M.S.; photos by Stephen Frink

WEIGHT TRAINING 
FOR BETTER DIVING
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NOTE: 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.

Tips: Breathe throughout the movement, inhaling as you 
lower the barbell and exhaling as you lift. Focus on five 
points of contact: your head, shoulders, butt and feet.  
If your back arches during the lift, this may indicate 
excessive strain. 
Challenge: Try changing your grip to target different 
muscles. 

DEAD LIFT
Like the squat, the deadlift targets many large muscle 
groups. The engagement of the back and hip muscles 
facilitates propulsion through the water.

1. Stand facing the bar with your feet slightly wider than 
shoulder width and your shoelaces under the bar.

2. Flex your knees and hips until you can reach the bar.
3. Grasp it with an alternate grip (one palm out, one 

palm in).
4. Exhale, and stand straight up without locking your 

knees.

Tips: Bend at your hips; don’t bend your spine. Bending 
at your spine places excess strain on your back. Try to 
have the barbell travel in a straight line upward — its 
path should be vertical with no forward or backward 
movement. Use less weight and/or rest between sets to 
train your body to use good form.
Challenge: Minimize rest between repetitions — have 
the plates “kiss” the ground for just a moment. 

MILITARY FRONT PRESS
This exercise targets your deltoids, traps and elbow/
forearm flexors. Strength in these muscles can make it 
easier to pick up and carry gear.

1. Grip the barbell in a comfortable position, and rest it 
on your upper chest.

2. Press the barbell straight upward.
3. Lower the barbell to the starting position.

Tip: Maintain a slight bend in your elbows throughout.
Challenge: Gradually increase the repetitions and/or 
weight as appropriate.

BENT-OVER BARBELL ROWS
This exercise targets the latissimus dorsi, teres major, 
posterior deltoids, elbow flexors, rhomboids and traps. 
Strengthening theses muscles makes it easier to handle 
heavy equipment and facilitates climbing a ladder in 
full gear. 

1. Stand with your knees slightly flexed, bending at the 
hips to maintain a flat back while positioning your 
trunk at a 45-degree angle.

2. Grip the bar slightly wider than shoulder width, with 
your arms hanging straight down from your shoulders.

3. Bring the bar up to your chest, then slowly lower it.

Tip: Contract your abdominals to maintain a flat back.
Challenge: Increase weight and/or repetitions. AD
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FLOWER GARDEN BANKS 
By Melissa Gaskill

O
ur liveaboard tugs gently at its 
mooring buoy 100 miles from the 
Texas shore in endless, blue Gulf 
of Mexico waters. Some 70 feet 
beneath us lies part of the Flower 
Garden Banks National Marine 

Sanctuary (FGBNMS), home to nearly 20 kinds of 
coral, hundreds of species of fish and invertebrates and 
about 20 species of sharks and rays.

These reefs grow atop geologic formations called 
salt domes that rise like mountains from the edge of 
the continental shelf. There’s open water up to 500 
feet deep between them. While coral reefs worldwide 
represent one of the planet’s most endangered 
environments, these remain some of the healthiest 
reefs in North America and the Caribbean.

The sanctuary’s three sites — East Flower Garden 
Bank, West Flower Garden Bank and Stetson Bank — 

total about 56 square miles. At East and West Flower 
Garden banks, coral covers more than 50 percent of 
the surface down to about 100 feet, which represents 
the highest coral cover of any site in the Caribbean 
and Gulf of Mexico. It’s no wonder the Flower Gardens 
occupy a spot on many divers’ bucket lists.

We boarded our liveaboard, M/V Fling, on Friday 
evening, sleeping while the boat motored seven hours 
to the sanctuary and making our first splash early 
Saturday morning. The boat carries a maximum of 31 
divers and six crew members, but we had what felt like 
an entire ocean to ourselves. In fact, only about 1,500 
people dive the Flower Garden Banks each year. 

Each of the banks offers different highlights and 
plenty of variety. “I’ve done at least 1,000 dives out 
there and still see things I’ve never seen before,”  
said FGBNMS research and permits coordinator 
Emma Hickerson. 
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This 360-degree panoramic photo shows a diver hovering at 90 feet over the coral cap at East Flower Garden 
Bank. The site offers divers stunning views of salt domes that harbor some of the healthiest coral reefs in 

North America and the Caribbean. This image was created in collaboration with the Ocean Agency.

At West Flower Garden Bank we follow the descent 
line through excellent visibility past a couple of torpedo-
shaped barracuda lurking beneath the boat and a school 
of silvery jacks dancing in the distance. On the reef we 
find a riot of fish — schools of brown and blue chromis, 
bluehead wrasses, queen and French angelfish and 
varieties of damselfish, trunkfish, balloonfish, parrotfish 
and squirrelfish. In a sandy patch on the bottom, a blue-
striped neon goby hangs out, and several moray eels lurk 
in nooks and crannies of the coral. Sharks occasionally 
cruise the reef edges, shadowy figures against the blue. 
The diversity of species is somewhat lower here than 
on many Caribbean reefs, but the abundance of life is 
relatively greater. 

On the first East Flower Garden Bank dive that 
afternoon we’re greeted by swirls of blue tangs and 
several large, solitary tiger groupers. On the opposite end 
of the size spectrum, 3-inch-long yellowhead jawfish rise 

upright from the sandy bottom, and gobies the size of my 
little finger hide inside the abundant barrel sponges. 

During the next dive, a 12-foot-wide manta ray glides 
by like an underwater spaceship. Sanctuary staff use 
photographs to maintain a catalog of these residents; each 
is identified by the unique spot patterns on its underside. 
The catalog currently contains 85 individuals, including 
several photographed at multiple banks and at least one 
that has been seen multiple times within the sanctuary 
over a period of six years. 

In early spring, hammerhead sharks and spotted eagle 
rays school here, and divers sometimes observe whale 
sharks in the summer. While I searched in vain for a 
glimpse of one, more fortunate divers on a charter just 
three weeks later reported a 20-foot male near the boat.

Our schedule included a night dive at East Flower 
Garden Bank. This far from shore, the blackness beneath 
the surface resembles outer space, and a light on our 
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downline pierces it like a comforting beacon. Alienlike 
brittle stars retreat from my approach, and fish freeze 
briefly in my dive light as I scan the depths with its beam. 

The nocturnal action here gets epic about a week 
after the first full moon each August, when multiple 
species of coral participate in a mass spawning event. 
Each species spawns at a fairly specific and consistent 
time, one after the other, in a reproductive frenzy 
that fills the water with a slow-motion, upside-down 
snowstorm. Fertilization occurs at the surface, and the 
larvae settle nearby or travel currents to other locations.

Overnight the boat moves to Stetson Bank, which is 
quite different topographically from East and West Flower 
Garden banks. Here, siltstone bedrock forms a 1,500-foot-
long ridge of pinnacles separated by deep troughs. Fire coral 
and sponges dominate the slightly cooler waters. Angelfish 
abound; they’re frequently spotted nibbling on the prolific 
sponge formations. Distinctively striped sergeant majors, 
big-eyed squirrelfish, schools of Bermuda chub and even 
cryptic and camouflaged frogfish can be found here. 

For almost 30 years FGBNMS 
scientists have operated 
permanent markers at photo 
stations as part of a long-term 
monitoring project in partnership 
with the Bureau of Ocean Energy 
Management and the National 
Marine Sanctuary Foundation. 
There are now 160 such stations 
scattered among the banks, where 
scientists take photos each year at the exact same spot 
with the same orientation. These photo series help 
track the health of the reefs and clearly reveal changes 
such as with coral cover. The coral cover has remained 
steady or high during the many years of monitoring 
at East and West Flower Garden banks. Stetson Bank, 
however, has endured a decline in coral cover. This sort 
of documentation is important: These reefs face serious 
threats despite their remoteness and protected status.

In 2005 warmer-than-normal water temperatures 
caused 45 percent of the corals here to bleach — i.e., 
expel their symbiotic zooxanthellae, photosynthetic 
algae that lives within the corals’ tissues. In 2010 and 
again in 2016, global bleaching events affected the 
Flower Gardens. Sea surface temperatures remained 
at about 86°F for 85 days from July to October 2016, 
and 46 percent of a study site at East Flower Garden 
Bank bleached or paled (an early stage in the process 
of bleaching). But a bleached coral is not necessarily 
a dead one (see “Differentiating Coral Bleaching and 
Coral Mortality,” Water Planet, Alert Diver, Winter 

2017). In a February 2017 survey, FGBNMS staff 
found that most corals had recovered, leaving less than 
4 percent bleached.

An unusual, well-publicized and currently unexplained 
mass mortality event affected about 6.5 acres of East 
Flower Garden Bank in July 2016. Fortunately the 
affected area  involves a very small portion — less than 
1 percent of the sanctuary’s coral reefs.  Within this 
localized area, however, more than 15 percent of the 
coral died, as did sponges, mollusks, crabs and worms. 
FGBNMS scientists and colleagues around the world 
continue to analyze data to determine the cause. 

“It could be a combination of things,” Hickerson 
said, “including a freshwater runoff event, upwelling, 
elevated temperatures or something we haven’t even 
considered. It was shocking to see, to say the least. I 
had never cried underwater until that day.”

Invasive lionfish, voracious eaters capable of upsetting 
the delicate balance of coral reef ecosystems, arrived here 
in 2011. Sanctuary rules prohibit recreational spearfishing, 

which complicates lionfish removal, 
but FGBNMS staff members 
routinely remove them and have 
licensed select divemasters to do so 
as well. Sixty divers have participated 
in two by-invitation lionfish derbies, 
which together removed more than 
700 of the invaders. 

The Flower Garden Banks sit 
among some of the world’s most 

active offshore oil and gas fields, although as yet it hasn’t 
been directly affected by an oil spill. For now, these 
reefs remain healthy. To help keep them that way, the 
National Oceanic and Atmospheric Administration 
(NOAA) proposed adding to the sanctuary 15 additional 
areas covering approximately 383 square miles of reefs 
and bottom habitat. The draft environmental impact 
statement generated some 8,000 comments, and NOAA 
and other agencies are moving forward with the final 
environmental impact statement, which also will go out 
for public comment. 

Meanwhile, the Flower Gardens’ clear, blue water and 
abundant marine life continue to thrill divers. On our last 
splash at Stetson, I watched a spotted eel undulate along 
a pinnacle and a tiny redlip blenny eye me from its perch. 
Schools of gray snapper and blue tangs swam past along 
with a rock hind and a scrawled cowfish. Reluctantly, 
I began my ascent. While hanging at my safety stop, I 
could clearly see the reef below, the boat above and 360 
degrees of blue around me. This marine sanctuary is 
truly worth the trip. AD

“The nocturnal action 
here gets epic about 
a week after the first 

full moon each August, 
when multiple species 
of coral participate in a 
mass spawning event.”



HOW TO DIVE IT
Getting There
The preponderance of divers who visit the Flower Garden Banks do so aboard the 100-
foot liveaboard vessel Fling, which offers two- and three-day dive trips from February 
through October. A typical two-day trip includes two morning dives at West Flower 
Garden Bank, two afternoon dives and one night dive at East Flower Garden Bank and 
two dives at Stetson Bank. On our Fling charter, meals, some beverages, snacks and 
air refills were included. Trips are booked through dive shops and cost about $600 for 
two-day and $700 for three-day trips. Several smaller operators also run dive trips to 
the Flower Gardens.

Visitors who use private boats can find mooring buoy coordinates, sanctuary 
regulations, reef etiquette and nautical charts at flowergarden.noaa.gov.

Conditions
Weather and surface conditions can vary greatly, and given its distance from shore, 
Flower Garden Banks is not for novice divers. Strong currents can significantly affect 
dive plans. Sea temperatures range from 68°F in February to 85°F in August, and 
visibility ranges from (rarely) 20 to (occasionally) 200 feet. Visibility is best in summer, 
except when heavy rains fall in the Mississippi River basin.

Topside
Hit the sand at nearby Surfside Beach, Texas, and chow down on fresh seafood at 
the Red Snapper Inn. Galveston Island, about 50 miles north of the Fling’s dock, has 
miles of beaches, the historic Hotel Galvez, popular seafood restaurants, museums, 
Schlitterbahn Waterpark and multiattraction Moody Gardens. Take the driving tour at 
Brazoria National Wildlife Refuge – home to 400-plus species of birds, 95 reptile and 
amphibian species and 130 species of butterflies and dragonflies. Top it all off with a 
donut burger at Asiel’s restaurant in Lake Jackson.
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Life abounds in Flower Garden Banks National Marine Sanctuary. Manta ray, loggerhead 
turtle, and whale shark sightings are common, and comingled schools of creolefish and 
gray and vermillion snapper, such as the one shown here, are plentiful. After the first full 
moon in August, mass coral spawning events begin, and divers may have the opportunity 
to observe the mating behaviors of other animals such as these ruby brittle stars.   
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R
ight whales are the most endangered 
of all the great whales. At the turn of 
the 20th century, estimates indicate 
fewer than 2,000 individuals remained 
worldwide. Considered the “right 
whales” to kill on a hunt, hence their 

name, these whales were an easy target because they 
were slow swimmers, and their thick blubber caused 
them to float when they died. Their oil and baleen 
fetched colossal prices for various human uses, and for 
that they nearly became extinct. 

Northern populations were hit far harder than those 
in the more remote regions in the southern oceans. The 
southern right whale, Eubalaena australis, does not cross 
the equator and is a different species from its northern 
cousins. While both the North Atlantic and North 
Pacific right whales are still considered endangered, with 
populations numbering only in the hundreds, southern 
right whales have been making a comeback.

Thanks in large part to conservation efforts 
beginning in 1935, southern right whales have been 
registering a population growth of approximately  
7 percent annually. In 1984 Argentina declared the 
right whale a National Natural Monument, making  
it the first cetacean to receive this status.

At first underwater glance, southern right whales 
appear somewhat bedraggled. Lacking the majestic 
look of the humpback or the smooth aerodynamic 
shape of the blue whale, these giant mammals have 
their own inimitable appearance. Their blunt, oversized 
heads with an abundance of comblike baleen make 
up nearly one-third of their stout, 50-foot stature. 
Right whales can weigh up to 60 tons and have one of 
the longest lifespans of any cetacean, living up to 100 
years. They have no dorsal fin but lumber slowly and 
effortlessly through murky water. They also have two 
blows that form a signature V-shaped spout. Areas of 
their heads are covered with thickened patches of skin 

called callosities, the pattern of which is unique to each 
individual and thus helps with identification. Soon 
after whales are born, these areas become covered with 
cyamid whale lice that feed on the whales’ skin. 

Southern right whales migrate twice each year: 
once to their feeding grounds near the Antarctic 
Convergence, where they feast on zooplankton, and 
then to the warmer sheltered bays of New Zealand, 
Brazil, Chile, Peru, Uruguay, Argentina, Australia and 
South Africa, to give birth, raise their calves, socialize 
and ultimately mate. Mothers and calves often seek 
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The southern right whale, Eubalaena australis, 
is considered a National Natural Monument in 
Argentina. As long as 50 feet and weighing up 

to 60 tons, their presence is impressive as they 
materialize from the Patagonia gloom.

the protection of shallow water, sometimes near the 
shoreline, possibly to avoid harassment by males  
trying to mate.

When it comes to mating, right whales are 
polygamous. Females become sexually mature between 
the ages of 8 and 10 years and may have as many as 
eight different mates. For their part, the males sport 
the largest testes of any animal, weighing more than 
a ton. The males have a large cavity in which their 
genitals remain while they swim or rest. Size does 
matter here, and the whale with the largest testes — 

producing the most sperm — is the one most likely to 
impregnate the female. 

Males are known to be relatively gentle and do not 
compete aggressively with one another during courtship. 
From June through October, males charm females by 
persistently nudging and rubbing up against them in 
attempted mating. When the female is not interested, she 
will roll onto her back, but insistent males generally will 
endeavor to roll her back over again. 

Right whales give birth every three to four years. After 
an 11- to 12-month gestation period, a single calf is 
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born, weighing two to three tons. Calves grow quickly 
because their mothers’ milk is extremely rich in fat. 

Less than 5 percent of right whale calves are born 
white. These are not albino whales; the condition is 
only temporary, and their skin darkens as they age. 
The exhilaration of photographing a white baby whale 
underwater is an unforgettable experience. The white 
whales have little camouflage and dramatic appearances, 
making them prospective targets for predation. 

The mothers judiciously lead their calves away from 
danger, which is why underwater images of them are 
exceptionally rare. With proper guidance from a ranger 
(who is always present when diving with these whales in 
Argentina), once the mother becomes tranquil, realizing 
that the few divers in the water pose 
no inherent risk to her precious 
baby, extraordinary encounters 
can happen. Approaching any wild 
animal up close, however, always 
presents a certain degree of risk. 
Even when following all the rules the 
situation can change in an instant. 
Not only is the mother protective of 
her newborn, a three-ton baby may 
also be protective of its mother. A 
head butt is enough to let everyone know the session is 
over and it’s time to move on.

Right whales are curious and good natured, often 
casually approaching the boat close enough to be 
touched. They drift along with their heads above the 
surface as if to investigate the new interloper. Tired 
from journeying thousands of miles to the calm, warmer 
waters, the mothers spend much of their time relaxing 
on the surface and allowing their newborn calves to 
peacefully feed and explore their new surroundings. 

In many locations, however, seagulls pose a threat 
to these young calves as well as very old whales, 
pestering them by landing on the whales’ backs to 
peck off meals of dead skin but frequently taking 
chunks of flesh in the process. Adult whales use the 
practice of spyhopping to avoid the constant assault, 
lifting only their hard, knobby heads from the water, 
just far enough to breathe. Some nursing mothers 

have adopted a “galleon” position, wherein they arch 
their backs underwater to expose only their heads and 
flukes at the surface. Lacking the ability to protect 
themselves and unable to arch their small backs, 
newborn calves are vulnerable to the gulls’ relentless 
harassment. The calves’ wounds can become so large 
and badly infected that they can be life threatening. 

While some mothers and calves have learned to 
surface at an oblique angle to breathe, which allows 
them to keep their backs underwater, performing 
these evasive maneuvers takes away energy that should 
be spent nursing and resting at a time when food is 
scarce. The stress and depleted energy could affect 
their growth and development as well as their chances 

of survival. The mortality rate of 
southern right whale calves has 
increased significantly since 2003, 
and some researchers speculate that 
gull harassment could be a major 
factor in the fatalities.

Right whales are plankton feeders, 
and their diet consists primarily of 
krill. Ocean acidification threatens 
this all-important link in the food 
chain, and the whales’ destiny is 

inherently tied to it. Warming oceans have given rise 
to vast concentrations of the algae Pseudo-nitzschia, 
which produces the neurotoxin domoic acid. Some 
scientists believe this neurotoxin contributes to 
significant mortality of southern right whales less than 
three months old, affecting population growth. Like all 
cetaceans, southern right whales also face the serious 
threat of collision with ships and entanglement with 
fishing gear.

The southern right whale is now the right whale 
to embrace — with the eye, the binoculars and the 
lens. Harpoons from a bygone era now reside in 
museums such as the New Bedford Whaling Museum 
in Massachusetts, and the legends have slipped into 
the pages of maritime history. Once hunted to near 
extinction, the right whale has been granted renewed 
worldwide citizenship and safe passage. Perhaps one 
day all whales might enjoy the same status. AD

From left: White right whales typically are not albino but rather are young 
whales that darken with age. Right whales often drift along with their heads 
just out of the water and are known to approach boats in a friendly manner. 

These whales are planktivorous, feeding mostly on plankton and krill.

“RIGHT WHALES 
ARE CURIOUS AND 

GOOD NATURED, 
OFTEN CASUALLY 

APPROACHING THE 
BOAT CLOSE ENOUGH 

TO BE TOUCHED.”
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A male signal blenny 
(Emblemaria hypacanthus) 
in the Gulf of California’s 

Midriff Islands postures 
just prior to a territorial 

dispute with another male.
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F or the past few years 
my wife, Nancy, and I 
have purchased DAN® 
Annual Travel Insurance 
policies. We both have 
primary medical insurance 

that is supposed to provide coverage for 
medical emergencies overseas.

While we were in Germany visiting 
friends, Nancy caught pneumonia and was 
hospitalized. I had to use my credit card to 
pay for the emergency room that admitted 
her as an inpatient, and the next day I had 
to pay an estimated cost for her entire stay. 

I called the DAN emergency hotline 
via Skype the day after she went into the 
hospital, and DAN’s travel insurance 
carrier offered to fly a nurse to Munich 
who could accompany us on a flight 
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Pneumonia 
in Germany
By George Lewbel 

WHAT: Jointly sponsored by Divers Alert Network and the Undersea and Hyperbaric Medical 
Society, the Diving and Hyperbaric Medicine Course focuses on diving and hyperbaric medicine with 
emphasis on the latest scientifi c literature in the fi eld, featuring lectures, case presentations and 

support materials, and informal discussion sessions with faculty.

FOR WHOM: The course is designed for physicians, but emergency medical personnel, 
paramedics, nurses and professionals, as well as instructors, divemasters and nonmedical, 
diving-related personnel who have an interest in dive medicine may fi nd the course valuable.

WHEN: October 7-14, 2017 • Divi Flamingo Beach Resort • Bonaire
For more information and course details, visit DAN.org/Events.

DAN-UHMS

Diving and Hyperbaric Medicine Course

Accreditation Statement: This activity has been planned and implemented in accordance with the accreditation requirements and policies of the Accreditation Council for Continuing Medical Education (ACCME) through the joint provider-
ship of Undersea and Hyperbaric Medical Society and Divers Alert Network. The Undersea and Hyperbaric Medical Society is accredited by the ACCME to provide continuing medical education for physicians.
Designation Statement: The Undersea and Hyperbaric Medical Society designates this live activity for a maximum of 24 AMA PRA Category 1 Credit(s)™. Physicians should claim only the credit commensurate with the extent of their 
participation in the activity.
Disclosure Statement: All faculty members and planners participating in continuing medical education activities sponsored by Divers Alert Network are expected to disclose to the participants any relevant fi nancial relationships with 
commercial interests. Full disclosure of faculty and planner relevant fi nancial relationships will be made at the activity.

T: 800-446-2671 ext 1556 • F: +919-493-3456 • E: dan.uhms.cme@dan.org
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home, if necessary. The insurers 
also offered to arrange and pay for 
the return flight. Fortunately, the 
hospital was excellent, and Nancy 
improved steadily. She was released 
nine days later, and we returned to 
California on a commercial flight.

Getting our primary insurance 
carrier to reimburse us should 
have been easy. The diagnosis was 
obvious on the hospital records 
even though they were in German; 
the doctor had written a summary 
of the diagnosis and treatment 
in English, and I had sent all 
the records to the insurer along 
with the claim. But our primary 
insurance carrier gave me one lame 
excuse after another about why 
they weren’t reimbursing us. 

The story 
changed every time 
I called them. First 
they needed to wait 
to get an English 
translation from 
someone in-house, 
then they wanted 
the hospital to 
translate the records 
into English, then 
they wanted me 
to translate the 
hospital records 
into English, 
then they wanted 
nursing notes in 
English, then they 
said they needed 
help converting the bill from euros 
to U.S. dollars and so forth. That 
went on for almost three months, 
and I was getting nowhere.

A single “please help” call to 
Robin Doles, insurance manager 
at DAN, led to everything being 
sorted out. She was wonderful. She 
immediately put me in touch with 
DAN’s travel insurance carrier, 
and together we called the primary 
insurer again. Shortly after that 
call, the primary insurer finally 

paid its fair share of our claim for 
emergency medical services. 

Before DAN got involved, the 
primary insurer had successfully 
stalled the claim. I was about ready 
to give up, but the people I spoke 
to at DAN reassured me that they 
would work with the primary carrier 
to get our claim paid. DAN’s Annual 
Travel Insurance is secondary 
insurance, so getting our primary 
insurer to meet its obligations was 
in DAN’s interest as well as ours. 

The difference in the time that 
it took the two insurers to process 
the claim was striking, too. Our 
primary insurer took about three 
months to reimburse us for its 
share. By comparison, DAN’s travel 
insurance program underwriter 

took only two days 
to process and 
approve our claim 
for the remaining 
20 percent of the 
medical expenses. 
We received a 
check from them 
within a week. 

Another lesson 
we learned from 
this experience 
was that having a 
backup high-limit 
credit card with a 
low current balance 
during an overseas 
trip may be really 
helpful. The German 

hospital told me they did not deal 
with foreign insurance companies — 
too much hassle — and they would 
not even see Nancy in the ER until 
they had run a charge of 500 euros 
on our card. I suspect that in less-
developed countries, that’s even more 
likely to be the case. AD

SHARE YOUR STORY
Has DAN been there for you? 
Tell us about it at ThereForMe@dan.org. 
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“OUR PRIMARY 
INSURER TOOK 
ABOUT THREE 

MONTHS TO 
REIMBURSE US 
FOR ITS SHARE. 

BY COMPARISON, 
DAN’S TRAVEL 

INSURANCE 
PROGRAM 

UNDERWRITER 
TOOK ONLY 

TWO DAYS….”
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Breathing Gases
By Georgia Hausserman
Photos by Stephen Frink

Some divers like closed-circuit rebreathers for their 
ability to provide breathing gas at a set partial  

pressure of oxygen throughout dives.

Opposite, clockwise from left: A diver sets his computer 
to monitor the mixed gases in his rebreather. Breathing 

gases with elevated oxygen content offer significant 
benefits for many applications but can be hazardous if 

used improperly. Nitrox-capable computers such as this 
one help divers plan and monitor their nitrox dives.

USES, LIMITATIONS AND HAZARDS 
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O
n a recent dive charter to a popular 
wreck lying at 130 feet, cylinders 
filled with various gases belonging 
to an assortment of technical and 
recreational divers were stacked near 
the dive platform. An instructor 

teaching an advanced open-water course mistook my 
bailout cylinder filled with 50 percent oxygen for his pony 
bottle, which contained 32 percent oxygen. Fortunately, 
I was able to quickly find him underwater and trade 
bottles. No harm, no foul, but if he had breathed from 
my bottle deeper than about 70 feet he would have put 
himself at risk of convulsions and drowning. 

The line between technical diving and recreational 
diving is becoming ever narrower. Divers use gases 
other than air for many reasons, but diving with the 
wrong gas mix can have serious consequences. To better 
understand these issues, let’s start by reviewing some 
concepts from our open-water and nitrox courses.

DIVE PHYSICS REVIEW
Air has weight and exerts 
pressure on us. Pressure can 
be expressed in many ways — 
pounds per square inch (psi), 
inches of mercury (inHg), 
atmospheres (atm), bar, etc. 
At sea level the pressure of 
the air pushing down on us 
is 14.7 psi, 29.92 inHg, 1 atm 
or 1013.25 millibar. Water 

weighs much more than air, so it takes only 33 feet of 
seawater (or 34 feet of freshwater) to exert the same 
pressure as the entire column of air above us. When we 
dive, we are under the cumulative pressure of the air and 
water, so at 33 feet of seawater (fsw) we are under twice 
as much pressure as we are at the surface. Every 33 fsw 
increases the total surrounding pressure by 1 atm. Dive 
computers (and analog gauges) ignore the pressure 
of the air above the surface to display the depth; this 
reading is referred to as gauge pressure. These devices 
generally express depth in fsw. 

The total pressure exerted by a gas mix is equal to 
the sum of the partial pressures of its component gases 
(Dalton’s law). The partial pressure of a component gas 
is determined by multiplying its percentage within a 
mixture by the absolute ambient pressure. (Absolute 
pressure, unlike gauge pressure, includes the pressure 
exerted by the air above the surface.) The two main 
gases in the air we breathe are oxygen and nitrogen. 
In round numbers, we breathe 21 percent oxygen 
and 79 percent nitrogen (the 1 percent of other gases 

present in air can be ignored for this discussion). So 
at surface pressure — 1 atmosphere absolute (ata) — 
the approximate partial pressure of oxygen (PO2) is 
0.21, and the approximate partial pressure of nitrogen 
(PN2) is 0.79. It’s important to remember that the 
physiological effects of breathing gases are based on 
the partial pressure of the gas, not the percentage of 
the gas in the mixture. 

OXYGEN
Now we can begin to 
consider the ramifications 
of the various gases used in 
diving. Oxygen, of course, 
is the most important gas 
in our cylinders because 
we can’t survive without it. 
The oxygen content along 
with the inert gas content 
of our breathing mixes 

determine either how long we can remain within 
our no-decompression limit (NDL) or the depth and 
duration of required decompression stops. 

Oxygen at high partial pressures can affect the central 
nervous system (CNS), potentially causing seizures 
that can lead to drowning. Oxygen can be toxic even at 
recreational depths. The amount of time spent breathing 
oxygen, previous exposure and exertion are all factors 
in the onset of oxygen toxicity, which can occur without 
warning. Taking certain medications before diving may 
also predispose individuals to CNS oxygen toxicity. The 
widely accepted safe partial pressure limit for oxygen 
during the working or bottom phase of a dive is 1.4, 
and most training organizations consider 1.6 to be 
acceptable at rest during decompression. 

INERT GASES
The two inert gases most 
commonly used in sport 
diving today are nitrogen 
and helium. As we learned in 
our open-water diver course, 
nitrogen at higher partial 
pressures has a narcotic 
effect. The onset of nitrogen 
narcosis when diving with 
air or nitrox is generally 

felt at around 80-100 feet. Every individual is affected 
differently, and the effects can vary from dive to dive. 
Some people claim to be able to handle the narcosis 
on dives as deep as 200 feet but probably wouldn’t 
remember much if asked to describe the dive afterward. 
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Several people have died attempting to set deep-diving 
records using air because they fell unconscious from the 
anesthetic effects of nitrogen under pressure. 

Because helium is nonnarcotic, it has become 
standard practice to use it in mixes when diving to 
depths greater than about 150-165 feet, with some 
divers preferring to use helium on dives as shallow as 
80 feet. A gas mixture comprising oxygen, nitrogen 
and helium is referred to as trimix, while a mix of just 
oxygen and helium is called heliox. The density of a gas 
increases with depth, so helium, a light gas, makes for 
easier work of breathing at depth. Work of breathing is 
a serious consideration for rebreather divers, because 
unlike in open-circuit scuba, breathing effort is required 
to move gas around the loop. An increase in breathing 
resistance results in the body producing more carbon 
dioxide (CO2). Many rebreather divers trained to use 
trimix commonly use some helium in their breathing 
gas to prevent an increase in CO2, particularly when 
diving deeper than 100 feet or in strenuous conditions. 

Some drawbacks of using helium include the cost 
and difficulty of getting fills and an increase in heat 
loss. The duration of decompression and the effects 
of decompression sickness (DCS) associated with 
breathing helium must be considered when choosing a 
gas mix. When changing breathing gases during a dive, 
particularly from a nitrox mix to one with helium, divers 
must also consider isobaric counterdiffusion (ICD). 
In very simple terms, ICD is caused by one inert gas 
entering tissues while another inert gas is leaving; it can 
cause bubbles to form or grow, even without a change 
in depth. Additionally, during very deep dives, breathing 
helium can lead to a condition known as high-pressure 
nervous syndrome (HPNS), which can cause debilitating 
tremors and decreased mental performance. 

MAXIMUM OPERATING 
DEPTH
The maximum operating 
depth (MOD) of a gas 
mix is determined by 
calculating the depth at 
which the partial pressure 
of oxygen is 1.4 (or 1.6 for 
a decompression gas). The 
1.4 PO2 limit for a gas with 
21 percent oxygen (such 
as air) is 187 feet. To dive 

deeper, divers need to use a mix with a lower percentage 
of oxygen. A gas mix with less than 16 percent oxygen 

is considered hypoxic and if breathed at the surface or 
at shallow depths can cause immediate unconsciousness 
without warning. When using a hypoxic gas at depth, 
divers need to use another gas with a higher oxygen 
content, called a travel gas, to get them to a safe depth 
where they can switch to their hypoxic mix. On ascent, 
divers change to gases that contain increasing amounts 
of oxygen, with 100 percent oxygen commonly used at 
20 feet and shallower.

SAFETY 
PRECAUTIONS
The primary danger 
for nitrox divers and 
divers using multiple 
gases or cylinders is 
breathing a gas at an 
inappropriate depth. 

There are several important steps that divers should 
take to help prevent this potentially lethal error. 
Analyzing and marking cylinders is the first step in 
avoiding problems associated with breathing the wrong 
gas. In addition to having a sticker at the neck of the 
tank showing the diver’s name, the cylinder contents 
and the MOD of the gas, divers often tape the MOD 
in large numbers on the side of the cylinder so their 
teammates can see it during the dive. 

To further help identify gases during the dive, many 
divers use different colored cylinders and/or regulators 
for each of their gases, with a green regulator cover 
used for cylinders containing 100 percent oxygen. 
Other methods used to ensure divers breathe from 
only the proper tank at the proper depth include 
putting tape labeled with the MOD on or near the 
regulator and putting a cover over the mouthpiece that 
must be removed before the diver can breathe from it. 
Just prior to diving, each cylinder should be analyzed, 
marked and attached to its regulator, one after another.  

The general procedure for switching gases at depth 
is to verify that the MOD on the cylinder is equal to or 
deeper than the actual depth, trace the regulator back to 
the cylinder to ensure it’s connected properly, turn on the 
tank valve and then verify all teammates have switched to 
the correct gas. This procedure works well as long as the 
cylinders were properly analyzed and marked.

A dive fatality occurred a few years ago when a diver 
used a cylinder marked as having 100 percent oxygen 
at 95 feet. His teammates saw the marking and asked 
if he had analyzed the gas before the dive. He assured 
them that he had filled it with air himself. The accident 

Below, from top: Redundant monitoring systems like these 
rEvodreams verify the contents of the gases being breathed.

 A rebreather diver takes the plunge.
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analysis determined that the tank 
did contain 100 percent oxygen and 
that he had died as a result of CNS 
oxygen toxicity.  

One of the reasons we dive 
with buddies is to have redundant 
brains, but these are valuable only 
when they’re actually used. When 
someone has more experience than 
we do, is an instructor or is known 
as an expert in the industry, we 
might be reluctant to question his 
or her procedures or lack thereof. 
The same phenomenon was present 
in aviation many years ago: Flight 
crew members were reluctant 
to question the authority of the 
captain. Crew resource management 
(CRM) was developed after several 
accident investigations revealed that 
crew members were ineffective at 
pointing out errors that eventually 
led to accidents. CRM training is 
now mandated by the U.S. Federal 
Aviation Administration (FAA) and 
involves both ground and cabin 
crews. It is also used in the U.S. 
military and for firefighting and 
health-care personnel. Using CRM 
in diving means every member of 
a dive team not only is responsible 
for his or her own safety but also 
is committed to ensuring that 
everyone returns safely from the 
dive. Everyone in the team must be 
comfortable with questioning all 
other team members, including the 
leader or instructor, when something 
doesn’t seem right, and no one 
should feel above being questioned. 

With increased availability 
of instruction, equipment and 
opportunities, the number of divers 
participating in what has traditionally 
been considered technical diving 
is growing. With an eagerness to 
go to greater lengths and depths 
for exploration, many divers are 
progressing through courses such as 
sidemount, rebreather, trimix, cavern 
and cave diving. It’s up to all of us to 
help ensure simple mistakes don’t 
have tragic consequences. AD
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Due Diligence for Parents 
of Young Divers
By Margo Peyton

I have been diving around the world with 
parents and their kids for 17 years. At Kids Sea 
Camp we take nearly 350 families diving each 
year, we have certified more than 5,000 young 
people, and we have never had a scuba diving 
accident. I attribute this safety record to being 

the mother of two divers and having very conservative 
views about kids and diving. 

Parents often express reservations or concerns about 
going on dive vacations with their kids. I have heard 
more than my share of scary stories of close calls and 
stressed-filled dive trips, such as the following: 

• a divemaster who led a family with young children 
into a wreck 

• a dive guide who took a group of divers that included 
eight kids between 11 and 15 years old to 100 feet  

• a dive operator who took children under the age of 
12 on open-ocean night dives deeper than 50 feet 

• divemasters who never turned around to check on 
their group 

• a dive guide who took a couple and their 11-year-old 
to 75 feet 

• a divemaster who responded to a parent’s request for 
more engagement underwater by stating that he was not 
a babysitter and it was not his job to take care of the kids 

• dive guides who took families with young children 
on dives without briefing them about the likelihood 
of seeing large sharks, resulting in kids bolting to the 
surface in fear 

Who is responsible for these mistakes? The dive 
operators? The divemasters? The parents? 

PARENTAL RESPONSIBILITY
Parents need to be confident, capable divers themselves. 
When you take responsibility for someone else’s life, 
regardless of whether it’s a child or an adult, you need to 
be physically fit, properly equipped, familiar with the rules 
and adept at reading weather, currents, waves and tides. 

It’s amazing how many parents and dive professionals 
are unfamiliar with the standards for youth diving. Many 
parents haven’t even looked at their children’s certification 
cards. Even if the dive instructor doesn’t mention the 
child’s maximum depth or other restrictions, these 
limitations are noted in the course materials. At the end 

Children can be eager and 
responsible students, but keeping 

them safe underwater warrants 
some special precautions.

Opposite: Two young divers have fun 
working on their buoyancy control 
and demonstrating hand signals.
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of your child’s certification course, ask the instructor for a 
handout that lists the standards and restrictions associated 
with the certification.

When looking for a dive operator to take your family 
diving, do your research, ask questions, and thoroughly vet 
the operator. Some good questions include the following:

• Are you a kid-friendly dive center?
• Do you offer, and do you currently teach, children’s 

scuba programs? 
• Are private instructors or dive guides available, and 

are they familiar with youth diving standards?
• Do you provide rental dive gear for kids, including 

small weight belts, small cylinders, masks, fins, 
snorkels, buoyancy compensators, wetsuits and 
regulators with small mouthpieces?

• What safety equipment is available on the boats, and 
where is your emergency plan posted?

• What are your communication capabilities (radio, 
cell phone, satellite phone, etc.)? 

• Do you dive any sites that are well suited to families 
with kids? 

• Is there a hyperbaric chamber nearby that treats divers?

STANDARDS
Most training organizations require divers younger 
than a certain age to dive with a parent or a dive 
professional; kids are not certified to dive only with 
other kids. I personally do not allow children under 
17 to dive deeper than 70 feet without a dive pro as a 
buddy, even if they have an advanced certification. 

A refresher in the pool before a dive trip is a good 
idea for kids — and adults. Taking a refresher course 
together is a great way to get on the same page with 
your child with regard to procedures, and it may be a 
fun way to get excited for the trip together.

Before you go diving with your child, know your 
child’s certification and the maximum depth associated 
with it. Also be sure you know with whom the child is 
certified to dive (i.e., a dive pro, a parent or guardian, or 
any adult). Finally, ask yourself the following questions:

• Am I qualified and confident in my ability to care for 
a young diver?

• Am I physically fit and capable of assisting or 
rescuing a child?

• Am I up to date on my skills and hand signals?
• When was the last time I went diving?
• In what conditions will we be diving (wreck, night, 

drift, current, etc.)? Do I have enough experience 
with that type of diving? 

• What hazardous marine life will be present, and do I 
know how to respond to a sting, bite or other injury?

DOS AND DON’TS FOR PARENTS
• Do inform yourself about all the risks involved  

with diving.
• Do go to your local dive shop to try on dive gear  

and get kids fitted properly.
• Do talk to multiple dive operators to find the most 

kid-friendly ones.
• Do carefully read the waivers and forms.
• Do make sure you have an emergency plan in place.
• Do set a good example and instill good habits in 

your kids (e.g., conduct safety stops, perform predive 
safety checks, etc.).

• Do abide by your child’s depth limit. 
• Do make sure that your and your child’s gear are 

streamlined.
• Do make sure your child is comfortable with all of 

his or her gear and has checked weights and releases 
prior to the dive. 

• Do check gauges early and often when diving  
with kids.

• Do turn to check on your young buddy often and 
stay within one breath of him or her at all times. 

• Do take DAN first aid courses. 

• Don’t ever lie on a form about a medication or 
medical condition.

• Don’t buy dive gear from sources that are not 
authorized dealers of that brand. 

• Don’t ever drink alcohol and dive or take children 
diving if you’re feeling unwell.

• Don’t ever push your child to do something he or 
she is not comfortable with.

• Don’t ever lie about a child’s age for a certification 
course.

• Don’t touch anything — take only pictures, leave 
only bubbles. AD
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W
ith three decades of 
research as a testament to 
his dedication to hyperbaric 
medicine, critical-care and 
hyperbaric medicine physician 
Lindell Weaver, M.D., has spent 

his career treating critically ill patients and conducting 
research on carbon-monoxide (CO) poisoning and brain 
injuries. He currently serves as medical director and 
division chief of hyperbaric medicine at Intermountain 
Medical Center in Murray, Utah, and at LDS Hospital in 
Salt Lake City. A professor of medicine at the University 
of Utah School of Medicine and an adjunct professor in 
the Department of Anesthesiology at Duke University,  
he is also the principal investigator for the U.S. 
Department of Defense’s Brain Injury and Mechanisms 
of Action of Hyperbaric Oxygen for Persistent Post-
Concussive Symptoms after Mild Traumatic Brain Injury 
randomized trial. 

After completing an internship as a Navy medical 
officer in San Diego, Calif., Weaver became an Undersea 
Medical Officer and served for almost two years aboard 
the USS Canopus, based in South Carolina; in that role 
he treated divers with decompression illness (DCI). 
After leaving the Navy, he completed a residency in 
internal medicine followed by a fellowship in pulmonary 
and critical-care medicine in Salt Lake City. 

Long interested in the effects of hyperbaric oxygen 
(HBO2) on the human body, Weaver has conducted 
research on the effects and treatment of CO poisoning 
and hyperbaric treatment for traumatic brain injury (TBI). 
His work has set standards of care in the clinical use of 
HBO2 and established protocols for chamber attendants 
working in chambers operated at increased altitude. 

Weaver’s research in HBO2 for brain injuries 
caused by CO poisoning and trauma has broad health 
implications but is particularly relevant to the safety and 
well-being of divers. Not only does his work directly 

address general concerns about CO poisoning, it also 
illuminates the effects of CO in the diving environment. 
His research on the effects of CO also shows parallels 
between the effects of CO poisoning and decompression 
sickness (DCS). His work makes it possible to establish 
correlations between the two conditions and furthers 
our knowledge of hyperbaric and dive medicine. 

Weaver has been an advocate for a network of 
24/7 emergency hyperbaric chambers, which could 
dramatically improve outcomes for injured divers 
and clinical patients who need urgent HBO2 outside 
of traditional hours of operation. He has also studied 
the effects of vitamin D on the immune response after 
knee surgery and the potential mechanisms of action of 
HBO2 in TBI and CO poisoning, both of which are also 
relevant to dive safety and dive science. 

The American College of Critical Care Medicine has 
recognized Weaver as a Fellow for his work treating 
people in need. We appreciate his willingness to 
discuss his work with us. 

Do you still dive, and what first brought you to  
dive research? 
I do still dive. As a youth one of my favorite TV shows 
was Sea Hunt, and I learned to dive in 1975 (with no 
buoyancy compensator). I have fond memories of 
diving in the Sea of Cortez, camping on shore and 
using an inflatable life raft as a dive boat. Some years 
later I undertook U.S. Navy training in undersea 
medicine and went to the Navy dive school for 

Under Pressure: 
A Lifetime of 
Hyperbaric 
Research
By Reilly Fogarty
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From left: Weaver exits 
a training tank wearing a 
U.S. Navy Mark V helmet 
in Panama City, Fla., in 
1980.

U.S. Department of 
Defense hyperbaric brain 
injury research staff 
gather in a chamber at a 
military study site.

Opposite: Lindell Weaver 
at the entrance a 
hyperbaric chamber

physicians and officers. After I left the Navy I was a 
dive instructor with Scuba Schools International (SSI) 
and the Professional Diving Instructors Corp. (PDIC). 
I stopped logging my dives 18 years ago when I hit 
1,000. Much of my diving has been in remote spots in 
Baja California with only a few other divers.

You spent several years as an Undersea Medical 
Officer in the Navy. What effect did this have on 
your career path and your research? 
Learning dive physiology, open-circuit scuba and 
surface-supplied systems (using Mark V, Mark V-Mod 
1 and Mark 12 diving helmets) from very experienced 
military divers was incredible. As an Undersea 
Medical Officer on board a Navy ship, I supervised 
the double-lock recompression chamber. A case of gas 
gangrene I treated that showed rapid improvement 
upon reaching treatment pressure became a pivotal 
moment in which I decided to pursue a career in 
hyperbaric medicine. 

What are your interests outside of your work in 
hyperbaric medicine? 
When I first moved to Utah, deep powder skiing was 
my main pastime. In the past 15-20 years my primary 
recreational interest has become off-road adventure 
motorcycle riding, which is terrific in the Southwest. 
And of course I enjoy time with my wife and two kids 
— one grown, the other in high school. 

You have been a proponent of 24/7 hyperbaric 
chambers, a position that conflicts with industry 
trends. What benefits might the dive community 
see from the widespread availability of 24/7 
hyperbaric chambers?
The availability of 24/7 hyperbaric facilities is important 
to the health of a wide range of patients. For example, 
CO poisoning is the most common poisoning in the 
USA, with more than 50,000 people poisoned every 
year. HBO2 improves the outcome of CO poisoning, 
but only a small percentage of patients are treated 

in chambers. Divers in need of chamber therapy 
sometimes have to travel long distances, even passing 
over hyperbaric centers that are closed or unwilling 
to treat divers, which delays definitive treatment and 
increases cost. There are more than 1,000 hyperbaric 
medicine centers in the USA, most associated with 
wound-care centers, yet only 100 or so are open 24/7.

Much of your work pertains to the treatment 
of CO poisoning and reversing the effects of 
inflammatory responses after the initial exposure. 
Does this research tell us anything about the 
treatment of DCS?
CO poisoning is complicated because the injury causes 
hypoxia and inflammation. HBO2 treats the hypoxia 
and favorably modulates the inflammation. Very similar 
effects occur in DCS with hypoxia and inflammation; 
the parallels between these disorders with regard to 
HBO2 are strikingly similar in many ways.

The altitude in Salt Lake City caused some difficulties 
with HBO2 therapy. What can you tell us about the 
effects of altitude on the treatment of divers?
Our hyperbaric chamber in Salt Lake City is at 
4,200 feet, so the atmospheric pressure is about 15 
percent lower than the pressure at sea level. This 
means patients undergoing HBO2 therapy and their 
attendants experience greater relative pressure 
changes. For the patients this is not of consequence 
because they breathe oxygen and do not saturate 
with inert gas. For the attendants who breathe the 
chamber’s ambient compressed air, however, this 
represents an increased risk of DCS. We have learned 
that we must provide additional supplemental oxygen 
to chamber attendants working inside our multiplace 
chamber to reduce their risk of DCS. 

Your facility is in a large city at high altitude with a 
number of attractive dive sites in the vicinity. And 
of course local divers also go on dive trips. Do you 
ever see divers with DCI in your facility?
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We do have several interesting and unusual dive sites in 
the area. Approximately 40 miles west of Salt Lake City 
is a site called Bonneville Seabase. Years ago the owners 
excavated natural pools of mineral water and built a dive 
facility. The concentration of minerals is so high that the 
water actually supports ocean life, so you can dive there 
surrounded by tropical ocean fish. They also installed a 
surplus missile silo to allow divers to perform deeper dives. 

Another unique spot is Homestead Crater in Midway, 
Utah. The dive site is a natural pool of very warm 
freshwater inside a mineral dome. The top of the dome 
is open, and the walls are covered in green plants. The 
operators bored a tunnel into the side of the dome to 
allow access to the pool and built a small dive shop 
inside. The pool is approximately 65 feet deep, and 
archaeologists visit to sift through the bottom, searching 
for artifacts. The crater is located at an elevation of about 
6,000 feet, so altitude-adjusted diving is crucial. 

A couple of other notable sites in Utah are Fish Lake, a 
fish-filled freshwater site located at about 9,000 feet, and 
Blue Lake, a geothermal site filled with warm water and 
geothermal bubbles on the border of Utah and Nevada. 

We have significant experience treating divers with DCI. 
At last count we have evaluated 168 divers since 1985, and 
one of our fellows is doing research with this data now. 
Many were diving locally, but others were injured at sea 
level and got worse or developed DCS on the way home 
to increased altitude. Diving at some local spots may pose 
additional risk because of the combination of very warm 
water, altitude and the tendency to ascend to even higher 
altitudes soon after diving. There is also commercial diving 
in Utah in Lake Powell and Flaming Gorge, and we have 
treated a few commercial divers with DCI. 

Is there reason to increase diver awareness of 
CO poisoning, and does this risk warrant the 
widespread use of CO monitors in diving?
CO in divers’ breathing gas is very rare, but it does 
occur. When I fill my own tanks I monitor the air for 
CO at the compressor intake. Engine exhaust is very 
high in CO, so caution is important to ensure CO 
generated by the compressor itself does not get drawn 
in. Whether divers should check each tank for CO, I 
leave to them. CO detectors are available to do this. AD

“WEAVER HAS BEEN AN ADVOCATE 
FOR A NETWORK OF 24/7 EMERGENCY 

HYPERBARIC CHAMBERS, WHICH 
COULD DRAMATICALLY IMPROVE 

OUTCOMES FOR INJURED DIVERS.”

Clockwise from top left: 
Weaver diving in the Sea of 
Cortez with a once state-of-
the-art strobe; diving at Las 
Animas, Sea of Cortez,  
with Folke Lind; laying 
tracks on the beach, Baja 
California; having lunch 
overlooking the Colorado 
River just before it enters 
the Grand Canyon; testing 
equipment inside his 
institution’s Fink chamber
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T
he big cloud of bubbles told the 
captain something was wrong before 
we even surfaced. Down below on 
Osprey Reef, northeast of Queensland, 
Australia, a diver had apparently run 
out of air and was panicking.

I’ve been diving for 16 years, but I never expected to 
use the skills I’ve learned to save a life. Before we got 
in the water on that beautiful blue day on the Great 
Barrier Reef, I was filled with anticipation about seeing 
hammerheads, mantas and reef sharks. But soon I 
would find myself at the right place at the right time. 

We were on our way to a bommie (Australian slang 
for coral formation) to check out a cleaning station 
when we heard banging on a tank. We assumed 
someone had spotted a shark or manta, but none was 
visible — nor could I see a diver banging on his or her 
tank. The banging continued insistently until finally I 
spotted a diver ascending diagonally toward my friend 
Heidi. Just as he reached her, he froze and went limp. 
Heidi later said, “I saw his mouth open a few times 
and take in water. I saw him go unconscious and have 
a full-body seizure and then slump.” I quickly started 
finning toward the lifeless diver, hoping to not lose too 
much time.

The diver was pale, open-eyed and unresponsive. 
There was a little bit of water in his mask, and his 
mouth hung slack without his regulator. Not a single 
bubble came out. I knew that the top priority upon 

finding an unresponsive diver at depth was getting him 
to the surface as quickly as possible. 

Energized and acting on instinct, I grabbed the diver, 
who was much bigger than me. We were slowly sinking 
when my friend Rod, Heidi’s husband, showed up by my 
side. We couldn’t inflate the diver’s BCD at first, but as 
we kicked upward in an emergency ascent Rod reached 
for the diver’s tank valve and turned the knob — that’s 
when we realized the tank was only partially open.

At the surface I yelled and used my Dive Alert 
audible signaling device as Rob and I worked to keep 
the diver afloat with his head above water. Fluid and 
blood were coming from the diver’s mouth.

The tender reached us quickly, and we were able 
to get the unresponsive diver on board without too 
much difficulty. As soon as we reached the liveaboard, 
the crew positioned the diver on the deck, began 
administering oxygen and hooked him up to a 
defibrillator. Two doctors who were on board, one 
from Singapore and one from China, also helped.  

The diver regained some degree of consciousness 
but was not very responsive and had bright red 
blood coming out of his mouth. The captain had 
called emergency medical services, and the diver was 
soon airlifted to the hyperbaric chamber facility at 
Townsville Hospital in Queensland. 

I was traumatized by the whole event. It’s hard to 
explain what it felt like to have had someone’s life in 
my hands. Immediately after the rescue I couldn’t help 
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An Emergency Ascent Just in Time
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but think that if I had messed up, 
the diver would have been gone. 
The doctor who treated him was 
very generous and spoke to me on 
the phone on several occasions. 
He helped me through the trauma 
and the mixed bag of emotions that 
overwhelmed me. He said it was a 
miracle that the diver survived with 
no neurological damage and that he 
might not have been so lucky had he 
been submerged for much longer. 
“Focus on the blessing of the life you 
saved, Christina, and nothing else 
that might have been or could have 
been,” he said to comfort me. 

The fact that the diver’s tank 
valve was barely open meant he 
had enough airflow to descend but 
that once he was three atmospheres 
underwater his nearly closed tank 
couldn’t provide him with sufficient 
air. He did not approach his buddy or 
dive guide but panicked and bolted 
for the surface, banging on his tank 
as he finned. Later it was discovered 
that he had failed to disclose to the 
liveaboard that he was taking three 
medications that could possibly affect 

his well-being while diving. Hiding 
the truth is a dangerous game.

It is a blessing that the diver lived, 
and fortunately he did not suffer 
a lung overexpansion injury. Salt-
water inhalation, however, damaged 
his alveoli (the air sacs in the lungs).

There are reasons why specific 
rules and guidelines were developed 
for scuba diving: The rules reduce 
the likelihood of dive accidents. No 
one is exempt — it is imperative 
that all divers follow protocol. The 
purpose of the predive safety check 
is to give our dive buddies a chance 
to catch anything we might have 
missed. Never be in a hurry before a 
dive; rushing can lead to omission of 
crucial steps such as double checking 
that the tank valve is fully open. AD

ALERTDIVER.COM  |  61

LEARN MORE
Dive safety experts now advise divers 
to always dive with their tank valves 
completely open — not turned back a 
half or quarter turn. Find out more at 
AlertDiver.com/Tank-Valves-and-Out-
Of-Air-Emergencies.

After witnessing a diver lose consciousness at depth, Christina Hepburn and others leapt 
into action to get him to the surface as quickly as possible. Once the diver was aboard 
the dive boat, the captain and crew administered emergency oxygen and arranged for an 
evacuation. (Note: The underwater photo was staged with a safety diver just off camera 
and no contact with living coral.)

DIVING AS IT SHOULD BE!
Experience the best diving the 

Turks & Caicos Islands have to offer.

1-800-234-7768
www.diveprovo.com
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Q: I am 24 years old and injured 
my knee playing soccer. The 
knee became so painful I 

had difficulty running. I began to 
have episodes where my knee would 
“lock up,” so I saw an orthopedic 
surgeon and underwent arthroscopy of the knee 
with subsequent partial resection of my medial 
meniscus. Several months later I am now running 
regularly. In addition, I am pain free and my knee 
no longer locks up, though I have a small area of 
decreased sensation near one of my scars. I would 
like to dive later this summer. Can I return to 
diving, and should I take any specific precautions?

A: It is good to hear the surgical procedure went 
well and that you have regained full function 
and range of motion for your knee. You 

mentioned that the pain has resolved also. I assume 
you are pain free at rest as well as during exercise and 
able to bear weight without any problems. This is 
especially important as your knee will be stressed when 
you are geared up and standing on a pitching boat deck 
or walking on soft sand. 

Residual pain that worsens or new pain that results 
from such stress could be confused with DCS following 
a dive. If there is residual pain at rest or with exercise 
or any neurologic deficits, these would need to be 
considered separately as they would affect your fitness to 
dive. The small area of decreased sensation around your 
well-healed surgical wound should not be an issue as 
long as you are aware of that abnormality and document 
it. It is important that you relay to your surgeon your 
intent to return to diving, complete your rehabilitation 
and be permitted to resume full unrestricted activity. 

When you discuss with the surgeon your desire to 
dive, describe in detail the stresses you will be putting 
on the repair associated with finning/swimming 

and wearing and carrying your gear. There is a 
theoretical consideration of altered nitrogen uptake 
and elimination to an area after surgery, but no 
definitive research has shown any detrimental effects. 
After successful arthroscopic knee surgery the most 
important thing is allowing an adequate period to  
heal and completing rehabilitation before returning  
to diving.

— James M. Chimiak, M.D. 

Q: I was diagnosed with leukemia and 
underwent treatment. I am in remission 
and was recently cleared by my doctors for 

exercise without restriction. I feel well and need 
only scheduled follow-up. I have always wanted to 
scuba dive but am unsure given my condition and 
subsequent treatment. Can I dive, and are there any 
restrictions or precautions I should be aware of? 

A: Symptoms associated with leukemia include 
dizziness, fatigue, fever, weakness, weight 
loss, anemia, easy bruising and bleeding, 

shortness of breath and infections. Clearly, these all 
have the potential to affect one’s well-being while 
diving. You and your doctor should consider two 
important criteria. First, diving should be considered 
only for patients who are in remission — as you are. It’s 
important that all divers be free from any distracting 
or disabling symptoms. Second, it is important that 
you and your physician confirm that you are not only 
in good health but also have good exercise tolerance. 

RESEARCH, EDUCATION & MEDICINE
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Diving After 
Arthroscopic 
Knee Surgery
DAN MEDICS AND 
RESEARCHERS ANSWER 
YOUR QUESTIONS ABOUT 
DIVE MEDICINE.
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As you may know, many dive accidents result from 
challenges posed by the diving environment such 
as currents, surface swims, and weather and sea 
conditions. All divers must be prepared to face such 
challenges before returning to the water.

— Dan Nord, EMT-P, CHT 

Q: I lost one of my eyes in an accident. I have 
an opportunity to learn how to scuba 
dive, but I have heard that I would not be 

allowed to do so because I have an orbital implant. 
Is that true?

A: It’s important to understand that people 
who have undergone enucleation and have 
been fitted with a hollow orbital implant 

are generally advised not to dive due to the risk of a 
pressure-induced collapse. These are known to occur 
mainly in hollow silicone orbital implants and can 
happen as shallow as 10 feet deep. 

Diving with vision in only one eye can be considered 
in the absence of associated problems that may affect 
dive safely and provided that visual acuity is sufficient.

— Dan Nord, EMT-P, CHT 

Q: During a recent dive in the British Virgin 
Islands, I went to 94 feet. The dive shop 
could not hook up our computers to 

our regulators, so we dived according to the 
divemaster’s computer. I have no record of the dive 
besides written notes. Approximately 12 hours 
later the second joint of my little finger has swollen 
slightly. Could this be decompression illness? I 
have a flight scheduled in two days. 

A: Diagnosis via email is impossible; your best bet 
is an evaluation by a physician. The following 
are possibilities based on your account and the 

physiology of decompression sickness (DCS).
The list of likely explanations for swelling in a finger 

includes mechanical injury and contact with marine 
life. In the absence of other neurological symptoms, 
DCS does not typically present with isolated swelling 
in a small joint such as a finger or toe. As in above-
water activities, fingers are susceptible to a wide 
range of mechanical injuries in diving. Actions while 
diving include holding onto a boat for support, getting 
rope burns, carrying gear, climbing boat ladders and 
maneuvering a bulky camera or other equipment. Any 
of these actions can involve twisting or jamming forces.
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Another possible explanation for the inflammation 
would be contact with marine organisms. Dive 
operations frequently use permanently established 
mooring lines to avoid dragging anchors across fragile 
reefs. While this helps protect the reef, that mooring 
line also becomes a site for colonization by marine 
animals such as hydroids, which, like their jellyfish 
relatives, have stinging cells (nematocysts). A diver 
who uses a mooring line to control descent or ascent 
may unintentionally brush his or her fingers across the 
nematocysts, causing swelling, redness and possibly 
blisters to the affected hand.

Treatment for contact with nematocysts includes 
applying vinegar shortly after exiting the water and 
thoroughly rinsing with seawater to remove any 
remaining stinging cells. Subsequent care includes 
using topical steroids (cortisone) or analgesics 
(ibuprofen) if needed and soaking in hot water.

Treatment for a dive-related mechanical injury 
would be no different than for an above-water injury. 
Support, wrap or splint the joint as necessary to protect 
it. Analgesics such as acetaminophen or ibuprofen may 
provide relief. Applying ice to a joint may relieve swelling.

If the finger is protected from further harm from 
actions such as carrying luggage, flying is not a 

concern. As with any injury, medical evaluation is 
always appropriate and recommended, especially 
if function is impaired in the hand. The physician 
does not need to be familiar with dive medicine. 
Appropriate injury evaluation and care is within the 
capabilities of any physician.

— Frances Smith, EMT-P, DMT

Q: I am the physician of a patient who was 
treated for decompression sickness (DCS) 
in a hyperbaric chamber one year ago. The 

diver had complete resolution of his original 
symptom (shoulder pain) but is now complaining of 
persistent arthritis in his hands, wrists and back. Is 
there a causal relationship between rheumatologic 
symptoms and DCS? The patient’s current symptoms 
were not part of the original presentation, and he had 
no such symptoms prior to the DCS diagnosis.  

A: I am not aware of any serious attempt to link 
specific rheumatologic conditions and DCS. 
It is possible that residual sensitivity arising 

from the decompression insult is responsible for the 
subsequent symptoms. In this case the symptom 
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development could 
diminish over time. It is 
also possible that the DCS 
increased inflammatory 
sensitivities that may 
remain in the future. But 
again no research to date 
supports this. 

Distinguishing between 
these possibilities is 
probably not feasible, 
but it will be of value 
to follow the symptom 
evolution, if there is any, 
over time. If the diver 
continues to dive and 
alternates between cold 
and warmer exposures, 
I would be interested to 
learn if thermal status influences the response. It is most 
likely that these new complaints are coincidental given 
the interval of more than a year. Finally, an underlying 
condition such as osteoarthritis may have manifest in 

this patient; this warrants investigation during future 
follow-up evaluations. AD

— Neal W. Pollock, Ph.D., and  
James M. Chimiak M.D.
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A FREE-FLOWING FAILURE
By Peter Buzzacott, MPH, Ph.D.

THE DIVER
The diver was a 24-year-old woman who was first 
certified to dive the previous year. She was 5 feet 4 
inches tall, weighed 140 pounds and had a body mass 
index (BMI) of 24. Since her certification she had made 
a total of 50 dives, 30 of those during the preceding 12 
months, and had dived to a maximum depth of 130 feet. 

THE INCIDENT
The diver was part of a group that was visiting a local 
inland dive site. Soon after she entered the water but 
before she descended, her octopus hose (alternate 
second-stage hose) started flying around wildly, 

slapping the water and making a loud free-flowing 
sound. She did not initially know what was happening 
and attempted to grasp the hose. The diver’s buddy 
turned off her tank valve, and the hose went limp. 
This all happened in chest-deep water at the surface 
while the divers were putting on their fins before the 
dive. On close inspection the diver discovered that 
the plastic octopus regulator had completely broken 
away from the hose. The regulator second stage fell 
to the bottom, and the hose was left in a free-flowing 
state. Thankfully no one was hurt, but the diver 
reported that the incident was a bit scary because it 
was so unexpected.

A diver demonstrates the much 
greater volume of air that escapes 
from a low-pressure hose (held in 
his right hand) compared to a high-
pressure hose (in his left hand).
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Clockwise from left: A second-stage regulator shows 
signs of age and cracking near the low-pressure hose 
attachment. Magnified, these cracks show a type of 
equipment failure that could lead to rapid air loss 
from a low-pressure hose. Contrary to what you might 
expect, air will escape from a low-pressure hose (left) 
faster than from a high-pressure hose (right) because 
of the low-pressure hose’s wider opening.

ANALYSIS
The cause of this incident was a plastic second-stage 
octopus regulator breaking away under pressure. In 
most regulators the metal fitting at the end of the hose 
is attached to a metal part of the second stage that 
contains the valve that opens to provide air when the 
diver inhales. In this case the attachment point was also 
plastic, and it gave way under the pressure in the hose.

This diver and her companions are lucky no one 
was harmed. It was also fortunate the regulator did not 
detach itself underwater while the diver was at depth. 
Experiments have shown that a tank will empty far more 
quickly if a low-pressure hose (regulator or inflator hose) 
bursts than if a high-pressure hose (pressure-gauge 
hose) bursts. This is because the low-pressure hose has 
a much larger hole for the air to pass through where it 
screws into the first-stage regulator. The difference can 
be as substantial as the tank emptying in less than one 
minute when a low-pressure hose bursts, compared 
with taking more than 10 minutes if a high-pressure 
hose bursts. All divers should regularly inspect their 
hoses for wear and tear, especially every time regulators 
are rented or borrowed.

In this incident, however, the hose was not the 
component that failed under pressure — it was the 
second-stage regulator (though the net effect was 
the same as if the low-pressure hose had burst). 
In speaking with scuba equipment experts, DAN® 
Research discovered that this particular type of 

second-stage regulator has not been manufactured for 
many years. This could be a clue as to why it failed on 
this occasion. DAN located a similar second stage to 
the one this diver was using, and under a magnifying 
glass microcracks could clearly be seen around the port 
to which the low-pressure hose attaches.

It seems the diver was using an older second stage as 
her octopus, and despite regular servicing the plastic 
had started to deteriorate — microcracks may have 
formed where the hose attached. These can be hard 
to spot without very careful inspection. Because this 
incident highlights a potential point of failure, and 
because that failure can empty a tank in less than a 
minute, regardless of depth, DAN urges all divers 
with older second stages to have them inspected 
for microcracks in the plastic.

Fortunately no one was injured during this alarming 
incident; the octopus and hose were swapped out, and 
the divers went diving. Also fortunately, the diver’s 
buddy was wearing a video camera on his head at the 
time and captured the whole event. All of the divers 
involved gave permission for this video clip to be 
posted on the DAN website in the Incident Reports 
section at DAN.org/incidents. 

We thank the diver for sharing this important 
incident. This may well prevent it from happening 
to another diver. We encourage any diver who 
experiences an unplanned event during a dive to file a 
dive incident report through the DAN website. AD
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CARBON MONOXIDE: 
THE SILENT KILLER
By Francois Burman, Pr. Eng, MSc.

Risk management in our underwater world is something 
of a paradox: We want to make our dives free of accidents 
and incidents, but risk is inherent to venturing underwater. 

Hazard identification and risk assessment (HIRA), a 
program based on general safety principles and adapted 
to suit the situations to which it’s applied, is a tool 
that can empower dive businesses and professionals to 
assess, acknowledge and then address their approaches 
to their risks.

By means of this new column we intend to provide 
dive professionals and divers with useful articles about 
the risks dive operators face as well as practical, realistic 
and affordable ways to mitigate them. We begin with a 
discussion about preventing carbon-monoxide poisoning.

C
arbon monoxide (CO), an odorless, 
tasteless and invisible toxic gas that 
could find its way into your scuba 
cylinder, has caused the deaths of divers 
all around the world.

Our natural environment should contain less than 
0.1 parts per million (ppm) of CO. Occupied areas with 
potential sources of CO, per the U.S. Environmental 
Protection Agency, may not expose people to more 
than 9 ppm during an eight-hour period. A short-term 
exposure of up to 35 ppm within an hour — no more 
than once a year — is deemed safe. 

Scuba divers are faced with a complicating factor: the 
surface equivalent value (SEV), which means we need to 
compute our CO exposure based on the depths to which 
we dive. In a dive on air to 130 feet, with the compressed 
air having been drawn from the compressor’s surrounding 
environment, a value of 5 ppm (usually quoted as the safe 
limit) would have roughly the same effect as 25 ppm at 
the surface. Thus, divers who do multiple dives per year 
could exceed the accepted safe limits.

CO is produced in several ways. Incomplete 
combustion of any fuel (gas, diesel, kerosene and other 
hydrocarbons) usually appears at the top of the list and 
is most often quoted as the source. Diving businesses, 
especially those in remote areas, may have any number 
of motor vehicles, boats and gas- or diesel-powered 
compressors or generators.

But CO can come from other sources as well; 
operators of cylinder-filling stations should also 
consider the following in their environments:
• furnaces, boilers, wood-burning space heaters, water 

heaters, dryers and cookers
• trash, grass or forest fires
• gas-powered refrigerators
• oil or kerosene lamps
• charcoal grills/barbecues
• vegetable oils used to cook and prepare food
• cigarettes and especially cigars
• paint removers, metal oxide reducers and other 

organic solvents as well as nonflammable contact 
adhesives that contain methylene chloride (CH2Cl2) 
(the liver metabolizes this compound to produce CO)

• welding, specifically when carbon dioxide (CO2) is 
used as the shielding gas (CO2 breaks down to form 
CO during the welding process.)

• biomass fuel sources or waste dumps containing 
vegetation, organic waste, wood or soil 
microorganisms

• cleaning fluids
• chemicals, reaction agents and synthesizers

Many of these sources are not readily apparent, and 
all could conceivably be found near an air-filling station.

Cylinder-filling station owners and operators, please take 
note, and be sure to perform a thorough risk assessment 
of your environment before you decide where to put your 
compressors. Ongoing awareness of risks introduced after 
initial placement is equally important. Knowing what to 
look for makes it easier to manage this risk. AD
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Left: Diadema antillarum is a sea urchin that grazes algae, 
and their abundance offshore of Dominica helps keep the 
reefs healthy.  

Opposite: The offshore walls and pinnacles show strong 
evidence of the currents that sweep through Dominica, with 
immense concentrations of gorgonia and sponge decorating 
the submarine volcanic surfaces.

S
he was black and bold and full of attitude. 
Sharp-featured and unassailable. Vibrant. 
Dominant. Aloof. Sometimes she’d hurt 
me, and sometimes I would wish her out 
of my life. But in the summer of 1983 the 

illness came, and she left us all. We didn’t know it 
then, but a void was created that could never be filled. 
Diadema antillarum, queen of the algae grazers, we 
miss you dearly — except of course in Dominica, 
where this long-spined sea urchin remains an integral 
part of the healthy reef ecosystem.

It was a strange time when the Diadema died off in 
an epidemic that swept the Caribbean and the Florida 
Keys 34 years ago. Some researchers say dust that blew 
in from Africa that summer carried with it a pathogen 
that was fatal to this particular sea urchin. Others 
contend that the offending microbe was released from 
ships in the Panama Canal region. 

I remember cussing the Diadema for all the times 
they pierced my skin — sometimes through my 

wetsuit — when my eyes were focused elsewhere 
and not keenly aware of the urchins’ omnipresence. 
Then one day on a dive I began to notice circular 
arrays of dark spines lying on the sand with dead and 
decaying sea urchins at the center. The blight virtually 
eradicated them, and the algae the urchins had kept in 
check began to overtake our reefs. Regrettably, coral 
reefs without Diadema became the new normal.

I was diving along a deep pinnacle in Dominica recently, 
working my way to the shallows to offgas, and the top 
of the pinnacle looked somehow strange to me. Colorful 
sponge and other filter feeders decorated the top of 
the structure, but even the bare spots seemed to shine. 
Suddenly it occurred to me that I was seeing the substrate, 
the light-colored rock base that the corals and sponges had 
colonized. This rock, with no cloak of algae, was striking. 

Closer inspection revealed why the substrate could 
be seen: Scores of large Diadema grazed the reef. 
Not to overstate this particular anomaly of Dominica 
diving, but the presence of these urchins was another 
brick in the wall, protecting and enriching the local 
marine ecosystem and making these reefs among the 
most pristine and productive in the Caribbean.

Lad Akins, director of special projects for the Reef 
Environmental Education Foundation (REEF), was on 
the island doing a fish-identification event the same week 
I was there. One night at dinner as we spoke about the 
overall splendor of the diving there, he drilled down to his 
particular area of interest, tropical fish, saying: “Dominica 
is one of the few places in the Caribbean where you can 
see a host of uncommon — even rare — species on any 
given site. Frogfish and seahorses are seen regularly, often 
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on a single dive. Both spotted and stippled spoon-nose 
eels are commonly seen, and the lesser electric ray is the 
most frequently seen ray in Dominican waters, according 
to our REEF surveys — more common than stingrays 
or eagle rays. Add in batfish, flying gurnards, various 
pipefishes and numerous longsnout butterflyfish, and 
you have a truly amazing menagerie. The dive guides 
in Dominica know where and how to find them. It’s a 
critter-lover’s paradise.” 

REEF divers are all about finding weird and 
wonderful fish. I found that diving Dominica changed 
the way I photographed reefs. On most Caribbean 
islands I tend to shoot mostly wide angle, taking 
advantage of the clear water and colorful decoration 
along the walls and shallow reefs. Here I settled into 
a routine of shooting wide angle on the first dive and 
then swapping over to 100mm on the second. Most 
of the boat trips are structured as two-tank dives with 
ample surface interval time in between to change a 
lens and a port on your housing. There was just so 
much I found compelling in the cryptic and bizarre 
genre that to restrict the visuals to only the vistas left a 
lot of treasure buried. This is a place to slow down and 
appreciate the balance of life, both large and small.

THE ISLAND TIME FORGOT
Ramping up to this Dominica trip I reached out to 
longtime friend Michael Lawrence, a photojournalist 
with significant experience on Dominica. He wrote the 
Lonely Planet guidebook Diving and Snorkeling Dominica 
in 1999 and sent me a copy for this trip. I was surprised 
at how valid it remained as a reference, even 18 years 
later. Of course some of the nuts-and-bolts stuff such as 
“the tallest island in the Eastern Caribbean, Dominica 
reaches a peak of 4,747 feet,” “the island is 29 miles long 
and 16 miles wide” and “more than 350 rivers … run 
down the mountain valleys” held true. Those are editorial 
constants. But I also found that his “Getting There” 
section remained surprisingly relevant and accurate.

“There are two airports on Dominica. Canefield, 
north of Roseau on the west coast, serves smaller 
propeller airplanes. Melville Hall, on the northwest 
corner services jets and larger planes,” the guidebook 
reads. “Though farther from most west coast hotels 

and guest homes, Melville Hall has taken over as the 
primary entrance portal, in part because it is the only 
flat area of land large enough to handle jets. There are 
no direct international flights into Dominica.” 

Landing at Melville Hall, now called Douglas-
Charles (DOM), used to mean a 2.5-hour drive on 
treacherous, winding roads to Dominica’s capital and 
largest city, Roseau. Today the roads are much better, 
and the drive is just a little more than an hour. So 
that’s different, but the “no direct international flights 
into Dominica” remains true almost two decades later 
and explains to a great extent why the island hasn’t 
developed apace with the rest of the Caribbean. 

Cruise ships arrive in Roseau several days a week, 
but the masses of tourists that might stimulate high-
rise development, golf courses or casinos have never 
materialized — much to the relief of those of us who 
prefer our islands laid-back, beautiful and pristine. 
Dominica continues to earn its appellation, the Nature 
Island. If it were easier to get there, that might not be so.  

DIVING DOMINICA
While the Lawrence guidebook describes dive sites at 
midisland and in the north, today the preponderance 
of Dominica diving happens in the south, frequently 
within the protection of the Sourfriere-Scott’s 
Head Marine Reserve (SSMR). This area along the 
southwestern part of the island separates the typically 
calmer Caribbean Sea from the sometimes more 
spirited Atlantic Ocean. Established in 1987, the 
SSMR was created to reduce conflicts between divers 
and fishermen and to preserve the reefs. The reserve 
comprises four zones of interaction:

• Fish nursery: This area just off Soufriere is a 
spawning ground for both pelagic and reef fish, and 
fishing is off limits here.

• Recreation area: Swimming and snorkeling are 
allowed off the beach at Tous Sable.

• Fishing priority: In a program of ongoing 
engagement with the local fishing community, there 
are defined angling areas with specific guidelines.

• Scuba diving: These areas are marked by mooring 
buoys that are to be used only by dive boats.

Government regulations require a licensed 
divemaster to accompany all divers. Shore access 
is often awkward given the rocky shoreline, so this 
restriction is not really a big deal. Currents are 
sometimes considerable, so this makes sense from 
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Opposite, clockwise from top left: A trio of banded butterflyfish 
forage amid the coral crannies. Blackbar soldierfish are unusually 
abundant on Dominica. While the dive site Champagne is best 
known for the volcanic gasses bubbling through the sand, it is also 
home to dozens of resident balloonfish. 



a safety perspective. Small boat traffic to and from 
the various coastal villages is also common, which 
amounts to another good reason to dive with an 
experienced guide.

Soufriere Bay is a submerged crater of what was 
essentially an underwater volcano. It’s rimmed by the 
shoreline to the east and Scott’s Head to the south. 
Its north edge is below the surface but provides giant 
underwater pinnacles that rise to within 20 feet of the 
surface. The west edge can be ignored, as it is way too 
deep for recreational diving. To the north of Soufriere 
Bay are more shallow sites adjacent to the shoreline.

Here’s a sampling of what I experienced during my 
recent visit in February 2017.

Swiss Cheese was one of my favorite dives because 
of the huge school of blackbar soldierfish we saw there. 
REEF’s fish surveys of Dominica identify this as the 
fourth most commonly encountered fish in local waters, 
while elsewhere in the Caribbean they tend to be more 
rare, and they’re almost never encountered in schools as 
vast as the one we saw at Swiss Cheese. French grunts 
often comingle with schools of other fish here. Providing 
dimension to the seafloor here are a shallow swim-
through from 30 to 18 feet and a magnificent cloak of 
pillar coral on the site’s massive granite boulders.

Scott’s Head Pinnacle is adjacent to Swiss Cheese 
and sometimes together are done as a single dive, 
although the area can be swept by enough current to 
make underwater navigation challenging. The local 
divemasters are very savvy in this regard though, so it 
is not something you would need to consider on your 
own. Not surprisingly, given its proximity to Swiss 
Cheese, the profusion of blackbar soldierfish continues 

within the archways of Scott’s Head Pinnacle, and you 
can reasonably expect to spot a turtle here as well.

Soufriere Pinnacles is the textbook definition of what 
is unique about Dominica diving. Three distinct pinnacles 
covered by sponge and crinoid rise from a 40-foot 
seafloor to within a few feet of the surface. While there 
was no current at all when I was there, the abundance of 
filter feeders suggests the region is often swept by current.

L’Abym is a Creole word meaning “the abyss,” and 
this site does indeed drop precipitously into the deep. 
This is similar to a traditional wall dive, and with the 
large orange elephant-ear sponge I sometimes felt 
transported to Little Cayman. But there are enough 
black coral trees, whip corals and gorgonian clusters to 
assure me this is the Eastern Caribbean. The Lawrence 
guidebook suggests this is a great macro site as well, 
but I shot wide angle that day, so my self-imposed 
blinders kept me from seeing the reef minutia.

Among the surprises Dominica’s reefs revealed was 
a large and pristine staghorn coral colony at Coral 
Gardens South. It is becoming so rare to see intact 
staghorn these days, so I asked my dive guide if the 
Coral Restoration Foundation had a project here. 
But this coral was not planted and is doing quite well 
on its own. I noticed certain species of fish that are 
fairly unusual in my home waters of Key Largo, Fla., 
but were quite common here. Whitespotted filefish 
(Cantherhines macrocerus) are often seen here in 
shallow water, as are a wide variety of hamlet, spotted 
drum, peacock flounder and cowfish. Spotted morays 
are also exceedingly abundant.

Dangleben’s Pinnacles is a perennial favorite for 
Dominicans (pronounced Dom-in-EE-cans — not to 
be confused with residents of the Dominican Republic, 
who are Dom-IN-i-cans). It features five pinnacles 
situated along the north edge of the Soufriere 
crater. The wild sponge formations suggest there is 
sometimes wicked current here, but incongruously this 
is also where I found a cute yellow frogfish tucked into 
a crack in the reef at 35 feet. For wide-angle work with 
models, the brilliant colors and contrasting cobalt hue 
of the water are quite inspiring.

74  |  SPRING 2017

Dominica offers a wide variety of cryptic reef dwellers and macro 
subjects, such as this frogfish.

Opposite, from top:  Soltoun Falls; drone photo of northeast coast; 
Ravine Cyrique; Boiling Lake (Photos by Simon Walsh / Images 
Dominica)



Although Dominica’s diving warrants a visit on its merits 
alone, it is hard to contemplate traveling to Dominica 
without considering the amazing and diverse options topside. 

The island’s volcanic nature means dramatic walls, 
pinnacles and reefs underwater and a visually diverse 
topside environment with unique activities for everyone. 
Dominica is one of the geologically young islands in the 
Caribbean, which means it stands tall with chains of 
mountains, lush rainforest and plunging rivers that lead to 
thundering waterfalls as well as gentle cascades.

For the avid hiker, Dominica has the only long-distance 
hiking trail in the Eastern Caribbean, with 14 segments that 
span 115 miles. Some hikes are easy, while others are all-day 
adventures over ridges and rivers and through farms and 
villages. The most iconic hike is to Boiling Lake; it’s a rite of 
passage for all who love Dominica and are up for the challenge. 
The journey takes at least three hours each way and leads 
hikers along high windy ridges, through various stages of forest 
and into a spewing, sulfurous caldron called the Valley of 
Desolation. Finally the trail emerges at a viewpoint overlooking 
the world’s second-largest boiling lake. This hike requires a full 
day and should be done only after waiting the recommended 
18 hours following diving (assuming multiple dives or multiple 
days of diving). It begins at 1,600 feet and crosses the peak of 
Morne Nicholls at 3,000 feet. For those interested in shorter 
walks, there are numerous waterfalls and river pools with hikes 
that take only 10 to 60 minutes each way, and these can done 
in the afternoon after morning dives. 

One of the best excursions is a trip to Titou Gorge, a 
narrow gorge that leads to a thundering waterfall. You will 
swim up the gorge with tall cliffs overhead and sunlight 
filtering down through the jungle vegetation. After passing 
through a large cavern, you can swim up to the base of the 
waterfall and feel its power. 

No matter which of these activities you choose, you 
can follow it up with a long soak in an all-natural volcanic 
hot spring with a cold local beer. Friendly people, great 
cultural events, pristine diving, unique topside attractions 
and beautiful views at every turn of the road define the 
Dominica experience. 

DominicaDominicaDominicaDominicaDominica
T E X T  A N D  P H O T O S 
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TOPSIDE
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LOCATION, LOCATION, LOCATION 
Nowhere was the old real-estate adage more apt than at 
Scott’s Head Wall, which I found to be fairly drab and 
uninteresting. But splashing at Scott’s Head Pinnacle 
and drifting to Scott’s Head Point made for a beautiful 
dive. There dramatic sponge begin to appear as shallow as 
14 feet, and the granite rocks are covered with all manner 
of colorful encrustation that reminded me of the British 
Virgin Islands. These sites are all adjacent, but turning 
the corner out of the bay (with the reef on the left), and 
heading along the dropoff toward the open ocean meant 
entering an area with much greater current flow and a far 
more dramatic seascape. 

I’d visited Dominica several times without ever diving 
Champagne, only because all the photos I’d seen were 
of a stream of volcanic gas bubbles rising from a flat and 
featureless seafloor. But now that I’ve seen it, I know 
there is so much more to this site. At 60 feet there are 
large schools of blackbar soldierfish as well as solitary 
creatures such as spotted drum and scorpionfish. Once 
you get to the shallows, the quantity of balloonfish (Diodon 
holocanthus) is quite astonishing. 

LIONFISH IN DOMINICA
The lionfish invasion reached Dominica, but thanks to 
good planning and educational efforts, their populations 
remain under control. Dominica dive operator and 
lionfish hunter Simon Walsh said the following:

Before lionfish had even arrived, the Dominica 
Watersports Association worked with our local Fisheries 
Division and REEF to put together a plan for how to 
deal with the expected invasion. We have created a 
huge demand for lionfish in our restaurants, which has 
encouraged local fishermen to treat them as another 
resource to harvest and sell. For our annual Dive 
Fest we put together an aggressive media campaign 
to educate the public about lionfish. We use cooking 
competitions to inform the island’s people about the 
fish’s great taste and ease of preparation. We visited 
fishing communities to educate fishermen about 
capture, cleaning and first aid in the event of stings. We 
also held a lionfish derby with local divemasters and 
visiting divers, and we donated all our cleaned fish to 
the local homeless shelter — a win for everybody.

Sperm whales (Physeter macrocephalus), 
which are the largest of the toothed 
whales, are resident on Dominica all year 
round, diving to great depths to feed on 
giant squid. During the mating season 
each winter, however, they congregate  
in much larger groups.



Diving in the south of Dominica within the marine 
reserve, you will find very few lionfish on our reefs 
due to our ongoing eradication efforts. On our most 
popular sites it is rare to see lionfish, especially large 
ones. However, as you visit more advanced sites — those 
exposed to currents or high seas and consequently not 
dived as often — you will likely see more lionfish. With 
minimal financial resources and very few dedicated 
lionfish hunters, Dominica has done an outstanding job 
of keeping our sites under control. Kudos to the Dominica 
Watersports Association, the Division of Fisheries and all 
our local hunters.

SPERM WHALES
Snorkeling with sperm whales is one of the most 
magical marine life encounters on the planet, and 
nowhere is it more predictable and accessible than 
in Dominica. It is, however, rigidly controlled, as it 
should be. Only a few operators are authorized by 
the government to conduct these encounters, and 
their permits stipulate a maximum of eight people 
on the boat and three people in the water (with a 

guide) at a time. (My shots of sperm whales in this 
article were taken under permit #RP-01/013 SW-1 in 
February 2013.)

The sperm whales are resident here year-round 
because their preferred prey, giant squid, are abundant 
in the extremely deep waters just offshore. The 
resident sperm whales are mostly females, and during 
the mating season (December through March), 
the large males migrate and form social groups. 
Humpback whales, false killer whales, pantropical 
spotted dolphin and bottlenose dolphin are also likely 
to be seen during any given day while out searching 
for the sperm whales’ distinct blows. While in-water 
encounters are possible only under permit and with 
an authorized guide, topside whale-watching tours are 
organized almost daily during the season when sea 
conditions are favorable. AD

HOW TO DIVE IT
GETTING THERE: There are no direct flights to Dominica from the 
U.S. mainland. Flights connect through nearby island gateways 
such as Puerto Rico, Antigua, Barbados, Guadaloupe, Martinique, 
St. Maarten and St. Lucia. Flights arrive at Douglas-Charles Airport, 
located about 70 minutes from the nation’s capital, Roseau.

WEATHER AND CLIMATE: Expect temperatures between 
75°F-85°F. The dry season is December to May, and the rainy 
season is primarily June to November. This is a mountainous 
island with many rivers, so runoff can degrade water clarity 
during the rainy season. 

HAZARDS: Many of the dive sites are subject to currents, which 
are variable in velocity. Typically the dive guides can read the 
current, and if it’s too strong they will choose a more sheltered 
site. Occasionally they use the current to drift between two moored 
areas. Rather than fighting the current to get back to the mooring 
buoy, the boat drops off the divers and then moves to the next 
downcurrent mooring for the pickup. The guides are skilled at this 
protocol, but it requires divers to keep the group in sight. 

Driving is on the left side of the road. Be cautious of the deep 
drainage ditches along many of the roads.
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One of the loveliest examples of the numerous 
submerged anchors of St. Eustatius is the colorful 
beauty at Anchor Point.

We are gearing up on the deck of our dive boat when we hear the roar of an 
airplane — a jet. Everyone on the boat stares at the sky in shock, and a flurry of 
surprised discussion erupts among the crew. The key theme: What the hell is 
that doing here?

We watch with interest because after a few days on St. Eustatius the 
background din of our normal lives has become a distant memory. This place 
is quiet. It’s so quiet that we’re awakened every morning by the clacking of goat 
hooves on our porch, so quiet that we know it’s time to mosey over to the dive 
shop because we can hear the morning flight (a tiny prop plane) approaching the 
island with an understated whine. A stray airliner? That’s as discordant as it gets.

It wasn’t always so quiet here. Two and a half centuries ago, St. Eustatius 
(Statia, for short) had a tariff-free trade policy, a distinction that made it one of 
the busiest shipping ports in the world and earned it the nickname “the Golden 
Rock.” On Nov. 16, 1776, the bustling island was the first foreign nation to 
acknowledge America’s fledgling independence with a gun salute to the U.S. flag, 
which was a big deal, especially to Great Britain. The island’s economy survived 
the political backlash that followed but not the abolition of slavery a few decades 
later, and it didn’t take long for Statia’s popularity — and population — to 
plummet. The Golden Rock quickly faded to obscurity. 

St. Eustatius
A  S A L U T E  T O
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F ast forward to 1996: The St. Eustatius 
National Marine Park was established. 
And then … not much. For the past two 
decades Statia has remained obscure, 
while the marine life surrounding it 
has grown and proliferated. A rich reef 
environment arose around this island 
with such a rich past. 

AN ANCHORING PRINCIPLE
Statia is infused with history, a fact that is especially 
apparent from a dive boat. Fort Oranje overlooks the 
harbor, the crumbling walls of old warehouses line the 
shore, and nearly every dive site includes man-made 
elements such as ballast stones, cannons and, most of 
all, anchors. Early on the first dive day our dive guide 
points out an anchor, a huge fan- and sponge-covered 
beauty embedded in the reef at Anchor Point.  
The artifact is photographed and largely forgotten  
once we spot a large hawksbill turtle swimming past 
us, but its significance sinks in when we begin to spot 
anchors (sometimes in multiples) at sites all around 
the island. It makes sense, of course. Hundreds of ships 
went down in these waters during the island’s heyday, 
and after all this time the anchors are the easiest 
remains to spot. 

Not all historical details announce themselves 
in such an obvious fashion. The Old City Wall, a 
shore dive that’s accessible on calm days, is a haven 
for tiny creatures. Other than the site name and the 
wall’s suspiciously straight lines, its man-made nature 
is concealed by sponge and coral, which make a 
picturesque home for blennies, gaudy clown crabs and 
other tiny creatures. Since it is one of the few named 
sites in Statia shallower than 55 feet, it promptly 
becomes our third-dive-of-the-day favorite. 

At Blue Bead Hole, on the other hand, artifacts 
are the name of the game. This sandy site located just 
outside of the harbor is one of the most common spots 
for divers to unearth a Dutch blue bead, the currency 
once used on the island. Our dive guide tells us that 
according to legend, the beads seek the finder rather 
than the other way around, so it’s best to stick together 
and stay well off the bottom. Of course this sounds 
like hooey to our group, and the resulting dive-turned-
treasure-hunt has the ambiance of a controlled free-
for-all. Although no blue beads find us (perhaps the 

result of our rebelliousness), we spot a pair of jewel-
colored flying gurnards floating calmly above the sand. 

THE POWER OF POSITIVE SINKING
Statia’s maritime artifacts are fascinating, but shipwreck 
fanatics are generally keen to explore something that’s 
a bit more intact. Fortunately, the island’s government 
recognized this desire years ago, and multiple purposely 
sunk wrecks are now part of the island’s reef system. 
The crown jewel is the Charles L. Brown, a 320-foot 
cable-laying ship acquired in 2002. This behemoth, 
one of the largest wreck dives in the Caribbean, now 
lies on its starboard side at 100 feet, often enclosed by 
a large shoal of jacks. It takes two dives to complete 
a cursory inspection of the colorful fan- and sponge-
covered structure. We keep an eye out for the famous 
giant barracuda that frequents the site. We diligently 
search the radar antenna, the fantastic propeller and 
the wheelhouse before we discover the oversize fish 
watching us from a hatch with a spooky, toothy leer. 

The Chien Tong is equally worthy of high marks. This 
170-foot Taiwanese fishing trawler, sunk in an upright 
position in 2004, is equally sponge-encrusted, a bit 
shallower (in 80 feet of water), and surrounded by sand 
flats and seagrass beds that are frequented by abundant 
marine life. We try to concentrate on inspecting the 
propeller, but we’re immediately distracted by the large 
stingrays feeding nearby. Relocating to the deck doesn’t 
help our focus, as jacks and snapper whirl overhead, 
and green turtles pass by at what seems to be every few 
minutes. Back on the surface, the dive guide says, “If you 
think this is a good daytime dive, wait until you see it at 
night. The turtles come here to sleep, and it’s one of the 
best night dives in the Caribbean.” 

We’re a little dubious about the wreck-diving-at-
night thing, but we gamely return the next night. 
We’re still descending when we happen across our 
first sighting, a small green turtle swimming sluggishly 
across the upper deck, but it isn’t until we reach 
the stern that we fully understand the hype. A huge 
sleeping hawksbill turtle is wedged halfway into a 
narrow doorway, head down, butt floating toward the 
ceiling. My light catches a flash of white next to its 
head — a toilet. We begin laughing uncontrollably, 
feeling like we’ve happened across the aftermath of 
a raucous, booze-fueled bash. Several other large 
hawksbills are strewn around the ship, although 
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A pair of French angelfish, 
(Pomacanthus paru) cruise 
through the wheelhouse  
of the Golden Rock 
tugboat wreck.
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the others are in slightly more dignified positions: 
crammed under the deck railing, for instance, or 
face-first behind a winch. We have to hand it to the 
guide — if this isn’t the very best night dive we’ve ever 
experienced, it’s certainly the most comical.
Named after and created by the St. Eustatius National 
Parks Foundation (STENAPA), nearby STENAPA 
Reef might be the biggest surprise of all. This 
mishmash of sunken structures — including a harbor 
boat, the Golden Rock tugboat and a couple of chunks 
of a tanker with an embedded anchor (naturally) — has 
attracted more marine life than we’d have thought 
possible. One of the tanker sections is hidden behind 
a shifting wall of grunts. Jabba-the-Hutt-like stingrays 
litter the sand, and the tugboat is so dense with sponge 
and coral that it looks like a parade float. We see giant 
barracuda and a quartet of French angelfish. And like 
we have encountered at several other sites, we see 
lobsters — many, many lobsters.

A PLACE FOR LOBSTERS
There is no question that Statia’s reefs are amazingly 
healthy. Hangover Reef is a series of ledges that are 
distractingly coated in multicolored sponges and fans 
with the occasional hawksbill turtle or school of snapper 
passing by. We find nurse sharks sleeping at Nursing 
Station, while a school of squirrelfish hovers prettily 
in front of a sponge-dotted overhang. We’re also 
introduced to a particularly mind-blowing example of 
reef richness at an offshore site called Lost Anchors. 
After backrolling into a school of giant barracuda, we are 
greeted by a large stingray on the reef and are eyed at a 
distance by at least five different Caribbean reef sharks 
as we search diligently for the site’s namesake artifacts. 

The lobsters are the thing though. Except when 
perusing a menu or hunting, most divers may not give 
lobsters a lot of thought, and why would they? During 
daylight hours, lobsters typically prefer to hide in crevices 
rather than cavort in the open. Their presence is generally 
considered a major indicator of reef health, and by this 
criterion, Statia has phenomenally healthy reefs.

The Double Wreck site hammers this home. It’s 
incredible what the ocean can do with the remains of two 
18th-century trading ships (i.e., some old ballast stones 
and a pair of anchors) spread over a few sand patches 
and some seagrass beds. Coral, sponges and gorgonians 
have grown like gangbusters from the wreckage, turtles 
munch away in the seagrass, and stingrays feed in the 
sand. Crawling all over the whole lot are so many large 
lobsters that I lose count. We swim toward a particularly 

populated rock, expecting the lobster herd to scatter 
nervously, but instead several of them approach with 
doglike curiosity. One tries to clamber onto my camera. 
Yet another stares at me contentedly from a barrel sponge 
less than a foot away. I look it in the eyes and vow never 
to eat lobster again. We return to this site on our final 
day, ending our dive by watching the lobsters clustered on 
the rock. As we ascend I take one last, long look at them, 
watching their antennas sway skyward in a vigorous, 
soundless farewell. AD

Top: Congregation of spiny lobster
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GETTING THERE: 
St. Eustatius is in the Eastern 
Caribbean. Many international 
airlines fly into St. Maarten. 
From there, Winair offers several 
flights daily to St. Eustatius; 
flights are strictly weight 
limited, and luggage may be 
delayed (normally less than 
a day), so pack critical items 
in carry-on bags. Ask if your 
dive shop offers free access to 
rental gear for divers awaiting 
baggage. Dutch is the official 
language, but French and 
English are also widely spoken. 
The local currency is the U.S. 
dollar. Cash is the preferred 

payment method around the 
island; many vendors do not 
accept credit cards.

CONDITIONS AND DIVING: 
Thanks to mild northeast trade 
winds throughout the year, the 
island has a pleasant climate. 
Hurricane season is June 
through November; although 
St. Eustatius lies in the storm 
track for hurricanes, it is rarely 
hit. Water temperatures range 
from 79°F in winter to 86°F in 
the summer; a 3-5 mm wetsuit 
is recommended year-round. 
Visibility is good to excellent, 
ranging from more than 100 feet 

on the offshore reefs to 30-50 
feet in the bay. Although the 
diving here is suitable for novice 
to intermediate divers, few sites 
are shallower than 55 feet. For 
this reason nitrox certification is 
highly recommended; our dive 
shop offered free nitrox to all 
divers to encourage its use. There 
is a hyperbaric chamber on the 
island.

PRESERVATION AND 
CONSERVATION: 
Statia has a long maritime 
history dating back several 
hundred years. Artifacts and 
old wreck sites abound. The 

St. Eustatius National Park 
Foundation (STENAPA) manages 
all of the island’s protected 
areas, including the Statia 
National Marine Park, the Quill/
Boven National Park and the 
Miriam C. Schmidt Botanical 
Garden. The marine park 
extends around the island to 
a depth of 98 feet. Except for 
Dutch blue beads, nothing 
(historical artifacts or marine 
life) may be removed from the 
marine park. All dives on Statia 
must be conducted with a guide 
from a local dive center, and the 
use of gloves is not permitted in 
most circumstances.

How to Dive It

Clockwise from top left: The Quill, a dormant volcano, overlooks the black sand beaches of the Atlantic 
coast of Statia; a diver hovers over the sponge-encrusted superstructure of the Charles L. Brown; 

tomtate grunts swarm a shipwreck; the colorful propeller of the Charles L. Brown; roughhead blenny
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O
ver the years, divers have been 
seeing fewer and fewer sharks. The 
decline seemed gradual at first — not 
everyone noticed — but eventually 
it became clear that sharks are 
disappearing at an alarming rate.

Enter Rob Stewart, a young man who revered sharks.  
He observed:

You are told your whole life that sharks are 
dangerous. You are warned about venturing too far 
into the ocean. But then finally you are underwater, 
and you see the thing you were taught since 
childhood to fear, and it is perfect, and it doesn’t 
want to hurt you, and it is the most beautiful thing 
you have ever seen. And your whole world changes.

Stewart not only noticed the decline in shark numbers, 
he also dedicated his life to documenting and telling the 
world about it. He released his first film, Sharkwater, 
in 2007. It effectively focused the world’s attention on 
the shark fishing industry. The film, which showed how 
the demand for shark-fin soup was threatening shark 
populations worldwide, generated significant public 
support for shark conservation. The protection of sharks 
was thrust into the public consciousness. 

“Sharkwater was the first feature film to really catapult 
the issue of shark conservation into the public sphere,” 
said fellow filmmaker Shawn Heinrichs. “The film 
reached millions and served to ignite an entire generation 

of passionate shark activists who would go on to play 
pivotal roles in the world of shark conservation.”

The sentiment was echoed by conservation 
photojournalist Paul Hilton: “Rob Stewart’s movie 
Sharkwater not only started the conversation about the 
shark-fin trade but also raised the profile of sharks tenfold 
and underlined how important they are in the ecosystem 
that’s necessary to sustain all life in the world’s oceans.”

Stewart’s second film, Revolution, released in 2012, 
sought to advance Sharkwater’s message by offering 
people motivation to seek more environmentally friendly 
alternatives in their daily lives. The film highlights the 
disconnect between conservation of the natural world 
and the goals of corporations and conventional politics.

“Thinking about life and evolution, I couldn’t help but 
marvel at the opportunity ahead of us,” Stewart said. “What 
if we had a vision of the world we wanted to fight for? 
What kind of a world could we create if we designed it to 
be beautiful for us and all species?” In the closing scene of 
Revolution, Stewart states: “I didn’t know what to do next, 
but as long as there is a fight for life, I know what battle I 
am in. Our side is only getting stronger, and though it may 
not seem like it yet, the revolution has begun.”

Tragically, Stewart died in a dive accident off 
Islamorada, Fla., in February 2017 while working on his 
third film, Sharkwater Extinction. Although he is gone, 
his inspiration and passion lives on in all of us who love 
the ocean and its creatures. Underwater photographers 
from all over the globe have united to honor his vision by 
sharing their images of sharks. AD

B Y  A D A M  H A N L O N[ [
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P R E V I O U S  S P R E A D ,  P H O T O S  F R O M  L E F T :  R O W  1  –  A D A M  H A N L O N ,  N A N A  T R O N G R A T A N A W O N G ,  N A D Y A 
K U L A G I N A ,  R H I A N A  R O G U E ,  T H E R E S A  G U I S E ,  P A R N U P O N G  N O R A S E T H K A M O L ;  R O W  2  –  D O U G L A S 

S E I F E R T ,  D A V I D  D O U B I L E T ,  R A M  Y O R O ,  D E N I S  Z O R I N ,  J O H N  B A N T I N ,  A N D Y  C A S S A G R A N D E ;  
R O W  3  –  P A U L  N I C K L E N ,  T A N Y A  H O U P P E R M A N S ,  N I G E L  W A D E ,  T R A C E Y  J E N N I N G S ,  T O D D  W I N N E R , 

S H A W N  H E I N R I C H S ;  R O W  4  –  T A N A K I T  S U W A N Y A N G Y U A N ,  A B I  M U L L E N S ,  S T E P H E N  F R I N K ,  C H R I S 
P A R S O N S ,  N I C K  M O R E ,  V I N C E N T  C A N A B A L

T H I S  S P R E A D ,  F R O M  L E F T :  J U S T I N  B E E V O R ,  R O D N E Y  B U R S I E L ,  P I E R  M A N E ,  S T E P H E N  F R I N K 
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iving imposes significant challenges 
to the respiratory system. Lung 
conditions are among the most 
common reasons people fail diving 
medical examinations— and of course 
we depend on our lungs for survival. 
Thus it is important that divers 
know what limitations to pulmonary 

function occur while diving. 

GAS EXCHANGE
The lungs’ most important function is to facilitate 
gas exchange: supplying oxygen to the bloodstream 
and extracting and exhaling carbon dioxide (CO2). Of 
these two processes, the exhalation of CO2 is actually 
the main driver of breathing. The CO2 combines with 
the water in the blood to form carbonic acid (which 
dissociates as hydrogen and bicarbonate ions).1 The 
change in the pH of the blood is sensed by the brain and 
serves as the trigger to stimulate breathing. To maintain 
the pH balance in the blood, the lungs must be able to 
“blow off” the CO2 that is produced by the body. 

To do so, a certain volume of air is used to dilute the 
CO2 in the alveoli of the lungs by means of inhalation 
and exhalation. A given amount of exercise also causes 
a corresponding amount of CO2 to be produced by the 
body, and the same amount of alveolar ventilation is 
required to eliminate the CO2 regardless of whether a 
person is at the surface or at depth. Divers’ bodies have 
to work harder to eliminate CO2 during dives and have 
a limited capacity to perform this work. The following 
eight factors are among the primary reasons for why 
this happens.

BREATHING-GAS DENSITY INCREASES 
WITH DEPTH 
Divers’ breathing gas is compressed by the increased 
ambient pressure at depth. A volume of gas at depth 
contains more molecules than the same volume of 
gas at the surface. Increased density also increases 
the viscosity of the gas, which means that it is more 
difficult to breathe the same volume of gas at depth. 
One study indicated that at a depth of 100 feet, the 
maximum volume of gas that you can inhale and 
exhale in one minute (maximum voluntary ventilation) 

is approximately half of what it would be at the 
surface. Likewise, the volume of gas that you can 
forcefully exhale in one second is reduced by almost 
10 percent at 33 feet and about 13 percent at 100 feet. 
The maximum flow rate that you can produce (peak 
expiratory flow rate) is reduced by about 23 percent 
at 33 feet and by 39 percent at 100 feet. These are 
significant limitations on divers’ respiratory systems.

PHYSIOLOGICAL EFFECTS OF IMMERSION 
During immersion, blood that is normally distributed 
to the limbs moves into the body’s central space (i.e., 
the chest). About 700 ml of blood is shifted in this 
manner, and a large portion of it is accommodated by 
the blood vessels of the heart and lungs. This makes 
the lungs stiffer, meaning they have reduced elastic 
recoil and that breathing requires more effort than 
normal. The blood also takes up volume. This means 
that the total volume of the lungs would be reduced 
as a result of the fluid shifts. Wearing a tight-fitting 
wetsuit compounds this redistribution of fluid, shifting 
additional blood into the central space by compressing 
the blood vessels in the limbs. Further promoting this 
fluid shift is when diving occurs in a relatively cold 
environment, meaning that peripheral vasoconstriction 
also contributes to a central fluid shift. 

ALTERED REGULATION OF BREATHING
Some studies have found that even if a diver did not 
perform at the maximum level of exercise during a 
dive and did not reach his or her ventilation limits, 
the CO2 levels in the diver’s blood would still be 
elevated. Common sense would dictate that the CO2 
(and carbonic acid formed) would trigger the brain to 
increase the breathing rate, but this expected response 
was not seen. This would mean that even though 
maximum breathing levels were not exceeded, the 
brain “chose” to allow a higher level of CO2 in the 
body under conditions in which the work of breathing 
was increased. This demonstrates an alteration in 
the operation of the brain’s respiratory regulation 
center, which is not yet fully understood. At least 
four hypotheses have been proposed to explain this 
phenomenon: 1) the effects of an increased partial 
pressure of oxygen during diving, 2) certain effects of 
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nitrogen narcosis, 3) a direct effect of the increased 
pressure and 4) changes in the way the brain controls 
ventilation when the workload on the lungs is 
increased. More research is required to understand the 
exact mechanism.

INCREASED “DEAD SPACE” DURING DIVING 
Dead space refers to areas in which there is ventilation 
(i.e., gas movement), but no gas exchange takes place. 
Since gas exchange happens only in the alveoli, the 
conducting airways such as the trachea and bronchi 
are dead space. Diving equipment adds additional 
space, usually less than 200 ml. The dead space 
in a diving regulator is typically less than 100 ml. 
Nonetheless, considering that the volume of a normal 
breath is about 500 ml, dead space adds up quickly, 
leading to elevated breathing volumes. In addition 
to this physical dead space, there is physiological 
dead space that is also increased during diving. A 
full description of this is beyond the scope of this 
article, but suffice it to say that there are additional 
mechanisms by which ventilation in a diver is 
compromised. 

REBREATHING
Rebreather divers should take particular care to 
prevent CO2 toxicity as a result of rebreathing gas. 
Hypercapnia (elevated CO2 in the blood) is probably 
the first consideration in the differential diagnosis 
of a diver who lost consciousness while diving on a 
rebreather (the other two most likely explanations are 
hypoxia [low oxygen] and hyperoxia [excess oxygen]). 
Rebreathing CO2 is possible if the scrubber material 
(soda lime) is not packed correctly and channeling 
occurs. Channeling is a phenomenon by which gas 
moves through channels in the scrubber material, 
which limits removal of CO2. To reduce the risk of 
rebreathing CO2, divers are taught to “prebreathe” 
the rebreather for five minutes before diving. A study 
published in 2015 demonstrated that this approach 
is not effective in detecting all scrubber failures, and 
some study participants even failed to recognize a 
problem when given prebreathing rebreathers that had 
no scrubber.2 

If rebreathing occurs due to scrubber failure, 
hypercapnia will begin to stimulate the respiratory 
control center of the brain to increase the rate and 
depth of breathing. As hypercapnia continues to 
escalate, divers may experience severe breathlessness 
and may panic. In severe cases, hypercapnia can lead 

to loss of consciousness, which happens to rebreather 
divers from time to time. There is a concern that 
divers who are not sensitive to hypercapnia will 
experience only minor symptoms, such as shortness 
of breath, before suffering loss of consciousness. Even 
mild hypercapnia can have adverse implications, 
however, particularly for rebreather and nitrox divers: 
Elevated CO2 levels increase the risk for central 
nervous system (CNS) oxygen toxicity, which can 
cause convulsions underwater and drowning.

POOR DIVING PROCEDURES
A very rapid descent promotes a buildup of CO2 and 
is usually associated with a decreased minute volume 
(the amount of gas breathed in one minute), which 
can lead to hypercapnia. Another practice that can 
lead to a decreased minute volume is skip breathing 
— holding your breath for short periods between 
inhalation and exhalation. The intention of divers who 
do this is to preserve gas, but it leads to an increased 
level of CO2 (and is a bad idea for other reasons as 
well). This then leads to the symptoms described in 
the previous section.

GAS CONTAMINATION
Apart from the various physiological reasons 
hypercapnia may occur during a dive, contamination 
of the breathing-gas supply should also be 
considered. If the compressor intake is situated where 
contamination is possible, the diver may inhale CO2 at 
higher concentrations than in normal air. This would 
put the diver at a distinct disadvantage for obvious 
reasons. The concentration of CO2 in diving cylinders 
should not exceed 500 ppm, and operators are legally 
required to regularly test the air they supply to divers.

CO2 RETAINERS
Some people do not have a proportional response to 
hypercapnia (i.e., their breathing does not adjust fully 
to maintain baseline CO2 levels), and these individuals 
can have very high — even dangerous — levels of CO2 
in their blood. These people are referred to as CO2 
retainers. A number of studies have evaluated the 
standards to screen for such individuals during dive 
medical fitness evaluations. These studies concluded 
that there is currently no screening test that would 
enable us to identify these individuals. At best, the 
currently available tests would disqualify a large 
number of normal people by incorrectly identifying 
them as CO2 retainers. Screening is thus not advised. 



Clockwise from top: 
A diver performs a 
predive check to 
confirm proper gear 
function. A diver 
observes the wreck of 
the USS Kittiwake at 
the end of a 300-foot 
dive on a closed- 
circuit rebreather.  
Mild buildup of 
CO2 may lead to a 
throbbing headache 
and can be caused 
by decreased minute 
volume or skip 
breathing. A diver 
works his way down 
a mooring line onto a 
deep reef.
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CONCLUSION
Hypercapnia is hazardous while diving because of the 
risk of impairment or complete loss of consciousness. 
Milder, gradual buildup of CO2 may cause a throbbing 
headache or the feeling that the diver is not getting 
enough air. This may lead to a panicked response 
in which the diver bolts for the surface, potentially 
leading to decompression sickness or pulmonary 
barotrauma and arterial gas embolism if the diver 
doesn’t exhale sufficiently during the rapid ascent. 
Hypercapnia also increases the risk for decompression 
sickness, nitrogen narcosis and CNS oxygen toxicity 
mainly because of the increased blood perfusion 
caused by the CO2-induced dilation of blood vessels. 

All divers are likely to have increased CO2 levels (to 
some degree) during a dive. The manifestations are 
usually minor — such as a throbbing headache — and 
if the diver realizes this and immediately resumes 
normal breathing, the headache may subside. If not, 
it is wise to shorten the dive but also to make sure 
that adequate ventilation is maintained during ascent. 
Relaxed, deep breathing at the safety stop also helps in 
many cases. 

There are other causes of headache, of course, 
including carbon monoxide contamination, so diving-
related headaches should not be dismissed as trivial. If 
in doubt, call DAN®. Be vigilant; maintain awareness of 
the signs of hypercapnia. AD
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SOLOMONS SCENICS
(ABOVE AND BELOW)

MAURINE AT SHIP’S 
WHEEL: In early World  
War II, the Japanese 
sustained heavy losses in  
the Solomon Islands’ Savo 
Sound, which became known 
as Iron Bottom Sound. Most 
of the wrecks there are too 
deep to dive safely on scuba, 
but there are hundreds 
of easily dived wrecks 
throughout the western 
Solomons. By isolating a 
single feature on this sunken 
artifact and adding a diver, 
our image tells the story of 
how wrecks have become 
a tourist attraction and are 
finally having a positive 
influence on the country 
instead of a destructive one.

 
SOLOMON ISLANDS CHILD 

IN CANOE: Endlessly engaging 
and seemingly adept at 
canoe paddling by the time 
they were toddlers, children 
in the Solomon Islands 
constantly amazed us with 
their acrobatics in and out 
of the water. Balance never 
seemed to be an issue. We 
used a split, or over-under, 
technique to tell the story 
of these water babies and 
their symbiotic relationship 
to the sea.
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P H O T O S  B Y  B U R T  J O N E S
T E X T  B Y  S T E P H E N  F R I N K[ [

T
he Indonesian underwater 
paradise known as the 
Coral Triangle is now 
widely regarded as the 
best of the best for 
marine-life diversity. 
Scores of liveaboards 
and land-based resorts 
provide comfortable 
and even upscale access 

to this incredible habitat. Divers can enjoy gourmet 
cuisine, elegant accommodations, skilled guides, nitrox 
and even Wi-Fi for posting digital images online to 
amaze friends back home with the region’s stunning 
beauty in real time. But it wasn’t always this way. 
Someone had to be there first. Someone had to explore 
and refine the adventure. Someone had to have the skill 
to communicate discovery in words and photos. For 
the Coral Triangle and the Bird’s Head Seascape, that 
pioneer was Burt Jones.

Jones’ long and circuitous road to the Coral 
Triangle began in central Texas, where his underwater 
inspiration arose in the 1960s in front of a black-
and-white TV. He would watch enraptured as Mike 
Nelson dispatched the bad guys, usually with a knife 
to a double-hosed regulator, in Sea Hunt. Jones was an 
odd little boy; he’d sit in front of the television wearing 
a mask, fins and a pingpong-ball-topped snorkel. Sea 
Hunt had to sustain him for more than a decade — 
Jones didn’t even see the ocean until after he finished 
his studies at the University of Texas in Austin and 
headed south to Mexico to pursue a hippie lifestyle.

True to that ideal, he spent the first year doing 
mostly nothing. But in 1970 he decided to go back to 
college, this time in Cholula, Puebla, in central Mexico. 
There he earned his degree in anthropology before 
driving down to the Yucatan on a sabbatical. 

The Yucatan of the early 1970s was not at all like 
the Yucatan of today. Puerto Morelos was the only 
real town there at the time. Playa Del Carmen had 200 
residents — compared to about 200,000 now. Jones had 

heard that there was good scuba diving to be had on 
the island of Cozumel, provided you could catch the 
ferryboat to get there. At the time the ferry ran only 
twice a week, and he missed the first one, which left him 
with three days to camp on the beach and kill time until 
the next one came. Snorkeling off the beach, he found 
crystalline water and a pristine coral reef just 500 yards 
offshore — a discovery that set the hook for a life of 
underwater exploration. With lobster in every hole and 
conch so thick you’d stub your toe on them, Jones knew 
he wouldn’t go hungry. He didn’t bother catching the 
ferry when it departed again. Instead he opened the first 
dive shop on the coast, catering mainly to breath-hold 
spearfishers. Jones fondly recalls those years.

BURT JONES: I can’t say I was much of a 
photographer back then. In fact, I think I took about 
12 rolls of film in 12 years. But I pretty quickly 
realized that spearfishing our local reefs was not a 
sustainable business plan, and I began to learn how 
to shoot underwater photos with a Nikonos. Diving 
the cenotes was what really transformed me and 
made photography an integral part of my life. I knew I 
needed to take that kind of diving seriously, so in 1984 
I took a course and became a certified cave diver. It 
was the best course I’ve ever taken. I learned buoyancy 
control as a Zen experience, and I met Mike Madden, 
a true cave-diving expert who was then involved in 
exploring and mapping the Nohoch Nah Chich system. 

By 1997 divers had explored more than 37 miles of 
that cave system, including 36 cenotes. But back in the 
mid-1980s we were camping in remote areas of the 
jungle, leapfrogging basecamps from sequential cenotes. 
That’s when I began to really take pictures, just because 
the cave system was so awesomely beautiful. 

STEPHEN FRINK: I think many of us know you 
best as half of the photographer and writer team 
of Jones–Shimlock. I can picture you as the hippie 
living on the beach in Mexico, but when did 
Maurine Shimlock arrive in your tropical paradise?

S H O O T E R :  B U R T  J O N E S

At the Edge of Discovery
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“PAINTING WITH LIGHT” IN A CENOTE: Cenote means “well” in Mayan, and these “wells” occur when the surface limestone 
collapses and creates an entrance into the Yucatan’s underground aquifer. Today, cenotes are on many divers’ bucket lists, but 
back in the mid-1980s I was among the first to dive in these magical places. Maurine and I worked with famed underwater cave 

explorer Mike Madden, who had the brilliant idea of applying the topside photo technique “painting with light” to cave photography. 
I’ll admit he was the true creator of this image. I simply held the shutter open while Mike, who knew the system well enough to swim 

it in total darkness, meandered around the delicate stalactites and stalagmites repeatedly firing a strobe toward the structures. 

Maurine Shimlock and Burt Jones
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BJ: In 1976 I was living in Puerto Morelos, and 
Maurine was finishing her Ph.D. in Latin American 
Studies at the University of Texas. We’d known 
each other casually in Austin and hit it off then, but 
it wasn’t until she traveled to Puerto Morelos that 
we reconnected. She knew a lot more about Mayan 
culture than I did, and she was a water baby to boot. 
So we embarked on a Garden of Eden existence 
together. Endlessly entertained by a place in time that 
will never again exist, we explored Mayan ruins and 
dived the barrier reef extensively, teaching ourselves 
more about underwater photography along the way. 
We moved onto a piece of property on the beach, as 
squatters really, but eventually we acquired ownership 
and built a bed-and-breakfast plus dive shop there. 
Combining the hospitality business with scuba and 
photography seemed like a good idea at the time.

SF: Well, clearly that didn’t stick, because we know 
you best for your work in the Asia-Pacific region. 
What took things in that direction?

BJ: A buddy had built a sailboat in Taipei and was 
headed out on a grand adventure. I was a big fan of the 
underwater photography of Douglas Faulkner, and much 
of his significant work was done in Palau. I told my buddy 
to give me a call if he ever made it there. Sure enough, 
one night I got a collect call: “I’m here in Palau. C’mon.” 
Maurine and I mulled it over the whole night, and by 
morning we’d convinced ourselves that this was the 
opportunity of our lives. So we made our way to Palau. 
Our baggage included our cameras, dive gear, an inflatable 
boat and four tanks. We saw diving that would change our 
lives forever, and I mean that in the best possible way. 

In the early 1980s we were diving Palau, and we 
made our way to Papua New Guinea, too. We saw 
things underwater that very few had seen. In 1988 
we got jobs as cruise directors on the first liveaboard 
operating in the Solomon Islands, the Bilikiki. We 
worked with owner Rick Belmare to refit a mostly 
derelict fishing boat moored in a port in the Florida 
Islands. This boat had table corals that were 6 feet 
across growing on its hull, but we helped transform it 
into the world-class liveaboard it eventually became. 
We were proud to have been there for the early years; 
we set up the E-6 film processing capability and 
worked with Chris Newbert and other photographers 
to create itineraries particularly well suited to 
underwater photography groups. We did that for two 
years and then made our way back to Austin with an 

idea to write articles, sell photos and take people on 
scuba safaris. That’s what our company, Secret Sea 
Visions, was set up to do.

SF: I remember your stunning debut coffee-
table book, Secret Sea. That was beautifully 
photographed and insightfully written. How did 
that come about?

BJ: I mostly shot fish and macro back then, and 
Maurine concentrated on the wide-angle photos. 
Together we had accumulated quite a portfolio of 
underwater transparencies. Newbert introduced us 
to the women who were publishing Ocean Realm, a 
high-quality quarterly dive magazine. They published 
our work first in 1990 and introduced our photography 
to our peers and the broader dive industry. They also 
published Secret Sea in 1996, which won the Ben 
Franklin Award from the Independent Book Publishers 
Association for the best book printed in 1996. This 
was a time in our lives in which one thing often led to 
another, but if I were going to point to the one synergy 
of that era that most influenced our lives, it would be 
connecting with Kalman Muller. 

Kal had lived and traveled extensively in Mexico, 
so we had that in common when we met on the way 
to Sipadan Island in Malaysia in late 1989. He was 
working on the first dive guide for Indonesia, Diving 
Indonesia, and we hit it off immediately. His second 
edition of the dive guide was in the works in 1993 
when he invited me to go with him to Komodo on an 
exploratory expedition via liveaboard. 

Also on that trip were two of the most influential 
fish-identification experts in the world, photographer 
Roger Steene and Gerry Allen, Ph.D., an esteemed 
authority on the classification and ecology of coral 
reef fishes of the Indo-Pacific region. This was heady 
company indeed and a grand adventure. It was a rough 
and rugged trip, not like the luxury liveaboard tours of 
today. But we saw amazing things. 

We pulled into Horseshoe Bay and watched a 
Komodo dragon climbing to a big rock maybe 150 
feet above the beach. We followed it up there hoping 
for a photo-op and found it eating a smaller dragon. 
From that lofty perch we looked down and saw a bit of 
reef we didn’t know was there. We resolved to dive it 
the next day, and Gerry was blown away by it. There 
were tropical fish and temperate fish all swarming in 
one place because of cold-water upwelling and mixing 
currents. It was such an inspiring dive, and when we 
reflected on the sight of one Komodo dragon eating 
another, the site named itself. Cannibal Rock is now one 
of the most famous dives in Indonesia, deservedly so.
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PYGMY SEAHORSE: After we saw our first pygmy seahorse during a 1996 
dive trip to Komodo, we visited Larry Smith, who had just moved to Sulawesi’s 
Lembeh Strait. We showed the host sea fan to Larry and his dive guides, who 
then began finding these tiny seahorses everywhere. Scientists flocked to 
Lembeh, and new species and new host sea fans were discovered. Over the 
years we have photographed many individuals, but now we seldom invade the 
seahorses’ territory unless the image has powerful potential. In Raja Ampat’s 
Aljui Bay we found this Denise’s pygmy seahorse peering out from behind its 
host sea fan. The negative space provides a sense of scale, and the fish’s 
pose evokes humor; it’s one of our pygmy favorites.

SF: Being in Raja Ampat and Komodo at that  
time you must have come to know Larry Smith,  
one of the most famous dive guides to ever work 
the region.

BJ: Yes, of course. I first met Larry in 1995 when he 
was working in the Banda Sea, and we ended up on 
a boat together. He was telling me about a dive site 
at Ambon Island that had really weird little things. 
He described a fish that sounded like something a cat 
coughed up. I wondered if it might be a Rhinopias, and 
I was beyond excited to possibly see such a rare (at the 
time) fish. The site was near Laha in Ambon Bay, and 
we did seven dives the first day and nine the next. To 
our astonishment, we saw Rhinopias and nine different 
frogfish on the pier pilings, Coleman shrimp on a fire 
urchin, and flamboyant cuttlefish. The list of personal 
discoveries just went on and on — it was an absolute 
critter mecca. I think muck diving was born that day. 
By 1996 Larry had moved to Lembeh Strait to develop 
more of the same, and as far as diving in Indonesia 
goes, the rest is history.

SF: I know you are now closely associated with 
Conservation International. What are you 
collectively hoping to accomplish in your special 
part of Indonesia, the Bird’s Head Seascape?

BJ: Our stated goal is to incorporate tourism into a 
conservation plan, and our chief collaborator is Mark 
Erdmann, Ph.D., now vice president of Conservation 
International’s Asia-Pacific Marine Programs. Larry 
Smith, prior to his death in 2006, joined Gerry 
Allen, Mark Erdmann and I for countless hours 
underwater together throughout Raja Ampat. Later we 
expanded our explorations to include Triton Bay and 
Cenderawasih Bay, which together with Raja Ampat 
became known as the Bird’s Head Seascape (BHS). 
In 2008 Maurine and I were hired as sustainable 
marine tourism consultants, tasked with promoting 
and publicizing the region. This was especially 
meaningful, as it was the first time a conservation 
organization had incorporated tourism into its plan. 
Conservation International supported and encouraged 
our first guidebook, Diving Indonesia’s Raja Ampat, in 
2009 as well as our 2011 book, Diving Indonesia’s Bird’s 
Head Seascape. Our website, BirdsHeadSeascape.
com, was designed to be a repository for the ongoing 
scientific work in the BHS, a venue for photographers 
and writers, a way of informing the public about 
environmental news and events in eastern Indonesia 
and as the go-to site for information for travelers 
visiting the BHS. 

SF: From the point of view of someone who has 
been fortunate to see the most pristine reefs on 
earth before just about anyone else, do you have 
any insights you can share with us in closing?

BJ: Given the time we’ve spent in so many beautiful 
places on the planet, and given the degree to which 
we’ve seen change creep into these ecosystems during 
our few brief decades of exploration, we know our 
continuing efforts need to stay rooted in marine 
conservation. We have to communicate how weird 
and wonderful these creatures are and how fragile 
their balance of life is.

I know these have been very special times. It occurs 
to me that our job descriptions, yours and mine, 
didn’t exist for our parents. The technology of scuba 
diving was barely there for them as young adults, and 
dive travel certainly was not evolved back then. They 
couldn’t have done what we did for a living. And I 
fear it won’t exist for our grandchildren unless we can 
seriously curb overfishing, ocean acidification and the 
rampant effects of climate change that are profoundly 
affecting our coral reefs and pelagic marine life. We’ve 
lived the sweet spot. To see what we’ve seen, to do 
what we’ve done — we were some of the lucky few. It’s 
a privilege for which I’m grateful every day of my life.
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      “ONE THAT GOT AWAY”: On any given day, a good muck site’s substrate will 
boil with action. I was framing a frogfish when a rapid peripheral movement 
caught my attention. I saw this lizardfish with a captured triggerfish hanging 
out of its mouth. Even though the triggerfish appeared to be lunch, its erect 
dorsal and ventral spines prevented the lizardfish from swallowing it. I was 
able to shoot just a single frame before the triggerfish escaped. This is one 
of those images that define the importance of becoming familiar with your 
equipment and settings to the point where you can just grab a great shot 
without taking your eye off the subject. 

IMAGING
SHOOTER
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        BURT PHOTOGRAPHING A SCHOOL OF OXEYE SCADS: Beneath the 
jetty at Misool Eco Resort, a world-class dive has developed just a few 
years after this environmentally committed property created a marine 
sanctuary. The fish seem to know that they are in protected waters 
and have become accustomed to divers. Many species, such as the 
scads in this image, form dense concentrations, creating a myriad of 
photo ops. While I was occupied in shooting close-focus face shots, 
Maurine was photographing an equally impressive school of trevally. 
Her photographer’s sixth sense kicked in, and she looked up to see me 
posed in front of this anvil-shaped school. She got one shot before the 
school broke apart. 

       HEAVYWEIGHT FIGHTERS: I am always engrossed in the ritual battles 
for territory that take place on the reef. Difficult to locate and harder to 
photograph, diminutive (usually less than 1 inch long) skeleton shrimp, 
genus Caprella, are not true shrimp but rather amphipods that live in groups 
within the branches of various hosts. Males are larger than the females, 
and both shed their exoskeletons as they mature. The female can mate only 
when she is between hardened exoskeletons. Thus, the nearly transparent 
males are lifelong foes that must wait patiently for the females to shed their 
old skeletons before they can contribute to the gene pool. 



KOMODO DRAGON IN 
SHALLOWS: Visitors to 
Horseshoe Bay off southern 
Rinca Island in Komodo 
National Park will be 
greeted by a number of 
dragons. This habituated 
behavior, instigated by 
liveaboards that began 
feeding kitchen scraps to 
the dragons, is not normal, 
but it does provide the 
unique opportunity to get up 
close and personal with the 
dragons. Komodo dragons 
are good swimmers and will 
swim across a mile or two of 
open water if the next island 
has a good food source. 
They can be aggressive, and extreme caution is always advised when approaching them on 
land or from the water. What you don’t see in this image is one of our tender boat drivers 
standing behind us with the hefty forked stick he used to fend off the world’s largest lizard. 

       FEEDING MANTA RAYS: Manta Alley off southern Komodo Island is known as a one-stop service center for mantas. It’s 
where they come to feed and be cleaned by a variety of smaller fish. When a strong current flows through a small opening 
between an islet and a submerged rock, manta food or plankton becomes especially concentrated, and mantas show up to 
feed in greater numbers. On the day this image was shot, the current was screaming, and it was all I could do to maintain 
a position hunkered down near the substrate. It was worth every sore muscle because the manta action was superb. 

IMAGING
SHOOTER
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THORNY SEAHORSE AND 
PAINTED FROGFISH: When we 
are diving with a group, we 
usually wait until they have 
finished with a subject before 
photographing it ourselves. 
We don’t always get a shot, 
but courtesy pays off. 
Initially, the seahorse was 
anchored around a sea pen 
about 10 feet away from the 
frogfish, but as the last diver 
left the area the seahorse 
swam away. In Lembeh, any 
bit of substrate that provides 
a perch is fair game for the 
animals. We couldn’t believe 
our luck when the seahorse 
decided to settle just above 
the frogfish. Unfortunately, it 
moved again before we could 
locate the departed divers. 



M
y immersion into blackwater 
diving began off the Southern 
California coast. A group of 
friends and I watched a very 
interesting slideshow on the 
subject one evening, and 

afterward I eagerly accepted their invitation to join them 
for a blackwater dive the next night. The images of weird 
jellyfish, salps, pelagic tunicates and other transparent 
alien subjects had seriously spiked my creative spirit.

The following morning I anticipated the dives with a 
burning spirit of adventure combined with greenhorn 
jitters. I had no idea what to expect or how the dives 
would work. 

I did my first open-ocean dives in broad daylight, 
which allowed me to gain some experience and muscle 
memory at a reasonably comfortable pace. Even so, my 
personal-safety alarm bells rang loudly during those 
first dives. I’ve just inserted myself directly into the food 
chain, I thought. But it didn’t take long before curiosity 
began to take over. True blackwater diving can be an 
altogether new experience. Backrolling into an inky 
abyss with only the beam of your torch to light the way 
can cause some anxiety. Adjusting to this unfamiliar 
environment may take several dives, but as fascination 
begins to take over, you will discover what seems like 
a parallel universe. The experience will command 
your undivided attention, so take certain preventive 
measures prior to each blackwater diving experience.

Drifting in the dark of night in the open ocean should 
be taken seriously. Prepare yourself physically and 
mentally, and put your safety first by doing the following:

• Be sure your torch is fully charged and that you have 
a backup.

• Shine your light on your phosphorescent gauges so 
they will glow brightly.

• Secure your camera to your body so your hands are 
free when you need them. 

• Make a bailout plan in case a diver drifts out of sight 
of the line.

• Establish an emergency recall system.
• Limit the number of people in the water.
• To prevent task loading, ensure you’re familiar with 

your equipment.

• Prepare your camera before you enter the water (turn 
on the strobes and focus lights, and set the shutter 
speed, aperture and ISO).

• Never let your ego or anyone else’s override common sense.

After entering the water, descend slowly, stabilize your 
buoyancy, and relax. Depth can easily be misjudged 
because there are no points of reference. Pay close 
attention to your ears throughout the dive; they are 
often the first indicators of a depth change. 

THE DOWNLINE
For an extra measure of protection we created an 
illuminated safety downline using a weighted 100-foot 
rope with a 10,000-lumen Kraken Solar Flare at the 
top and eight 1,000-lumen lights at various depths. 
We secured the rope to the boat and deployed a sea 
anchor to slow the drift of the boat if needed. It’s not 
uncommon for the wind to blow in one direction while 
the current pushes in another, so awareness and good 
judgment are imperative. Some blackwater divers use 
harness systems, either purchased or homemade. I 
prefer the freedom of being untethered and relying 
on the lighted downline as a reference point. The 
downline is an indispensable piece of blackwater diving 
equipment: Besides enhancing safety, it draws in larval 
subjects and other pelagic drifters.

TECHNIQUE
Both your diving and shooting techniques while drifting 
are critical, and getting them right requires some practice. 
The more you do this, the better you will become at 
recognizing and approaching subjects. Allow for three or 
four attempts before the magic begins to happen.

Transparency rules in this black world, and finding and 
tracking your subjects would be nearly impossible without 
your torch. Swim slowly into the current as you search 
for a subject. When you spot one, advance slowly; try to 
use its momentum in your favor. Remember that pressure 
waves you generate can cause the delicate little drifters to 
retract or spook, so try to let them come to you. Moving 
as little as possible, find a subject and calmly drift along 
with it. Many of these creatures may be light sensitive 
and become active just as your torch illuminates them. 
Cupping your light with your hand and allowing a small 

IMAGING
PHOTO TECHNIQUES

102  |  SPRING 2017

Text and photos by Mike Bartick
BLACKWATER DIVING
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Settling wonderpus
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beam to pass through your fingers is a great technique 
for getting close and focusing. A focus light with multiple 
power settings can serve this purpose as well. Being 
quick on the shutter release and timing your shot are also 
important. Many subjects will begin to spin or close up 
when lit, even when they’re lit for only a few seconds. I 
like to keep my left hand on the focus light and my right 
hand free to make quick camera adjustments on the fly.

CAMERA SETTINGS
I recommend a 60mm lens for this type of work as the 
close working distance allows you to light your subjects 
without too much backscatter. This is tight work, so 
facing your strobes toward the housing helps prevent 
overlighting the background. Some evenings there is 
so much crud in the water that avoiding backscatter is 
impossible. But keep in mind that this is the nature of 
the environment, and a little backscatter isn’t so bad. 
Anyway, white particles on a featureless field of black 
are pretty easy to remove in postproduction. 

Use a higher ISO setting and lower strobe power: 
Repetitive firing is often needed, and waiting for the 

strobes to recycle can be counterproductive. Because 
the subjects are primarily transparent with small areas 
of opaqueness, focusing on them can be challenging. 
Select a torch with a tight beam, and set it to a lower 
power during the initial search. Once you see your 
target, make your approach, and redirect the light to 
help your camera’s autofocus lock on.

Try these initial settings:
• ISO 360
• f/14 @ 1/200 sec
• strobes at 1/2 to 3/4 power

White modeling lights are best; a red light imparts onto 
the subject a strange color cast that is hard to correct in 
postprocessing. 

Many encounters in blackwater may be once-in-
a-lifetime opportunities, so it’s important that the 
technical aspects of your images are spot on. Once your 
strobe position is set, use your f-stop dial like a dimmer 
switch. Close down your f-stop if the subject is reflective, 
and open up your f-stop if you need more light. Use the 

From top: Flying fish reflected in 
calm surface; larval crab

Opposite, from top: larval mantis 
shrimp, larval cusk eel
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camera’s LCD screen for immediate review. Get close to 
the subject, keep one eye in the viewfinder and one on 
the downline. Quickly study subjects’ movements, and 
photograph them to the best of your ability. 

WHAT WILL I SEE?
Imagine diving into a 3-D science-fiction movie that 
rolls from the moment you slip into the water until 
the moment you’re back on the boat. Unlike a typical 
muck dive, there’s no queuing up to shoot a subject, 
and each person will return with his or her own set of 
unique images, angles and stories. It’s impossible to 
manipulate the subjects you’ll encounter or to influence 
their posture. This is a very reactive discipline, with the 
subject defining the shooting parameters.

Jellyfish and comb jellies are the creatures most 
commonly encountered when drifting along in 
blackwater. While some jellyfish can grow to enormous 
sizes, the ones spotted most frequently are about palm-
sized or smaller. The jellyfish we’re most familiar with 
are the gelatinous creatures that resemble an 
umbrella with dangling stinging tentacles 
used to ensnare prey. These move along 
brainlessly and heartlessly by pulsing and 
drifting on the current. Comb jellies, on 
the other hand, typically have more of an 
angular shape and tiny rows of cilia that 
propel them through the water. They often 
produce small amounts of red, green and 
blue light along their bodies. There are 
hundreds of different types, shapes and 
sizes of jellyfish and comb jellies. 

Then there are larval gastropods (snails, 
slugs and shellfish), pteropods (free-
swimming pelagic snails) and an array of 
other developing subjects in the prejuvenile 
stage. Perhaps the most bizarre are the body 
snatchers known as Phronima sedentaria, 
which resemble the creatures from the movie Alien. 
These macabre little monsters eat the interiors of pelagic 
tunicates and move into the remains, laying eggs in them 
and using them for shelter. They move continuously to 
provide their eggs with a constant flow of fresh water. 

The marquee attractions are always the larval fish, 
particularly those in the settling stage. Subjects in this 
stage of development look nothing like their adult 
selves, and when processing the images later I often 
find myself wondering, What the heck is that?

A proper blackwater dive really is like a glimpse 
into inner space, and the more you do it, the more you 
appreciate being able to see it.

WHERE TO DIVE? 
Blackwater diving can be done just about anywhere. 
There are now dive operators that offer it in locations 
as diverse as Jupiter, Fla.; Kona, Hawaii; British 
Columbia; and Anilao, Philippines. Every location has 
its own variety of organisms — a blackwater excursion 
should be included in any dive trip when possible. 

Don’t limit your adventures into the night to deep 
open waters. Check out shallower environments, 
or drift in proximity to a wall. Most recently we’ve 
experimented with using a single Solar Flare torch 
planted in the sand at 60 feet, angled upward and 
toward deeper water. I’ve found this technique works 
well for cephalopods and larval subjects. This also 
provides a great way to introduce divers to this new 
world without the anxiety of an open-ocean blackwater 
dive. Larval eels, flounders and larval sea mantises can 
be seen in this more confined style of dive. 

When diving near the point of an island, tidal action 
can promote currents that carry all sorts of little 

treasures. Even a calm bay might produce 
something unique, such as a settling 

wonderpus or hunting bobtail squids. 
There’s no limit to where blackwater 
diving can be done — even freshwater 
holds tiny alien life.

Consider these techniques and 
suggestions that offer a jumping-off 

point toward safely developing your own 
approach to blackwater diving. Experiment often 

and in different locations, explore our inner universe, 
and remember to always have fun. In the darkness 
there is a world rarely seen: bizarre, exciting and 
awaiting the beam of your light. AD

"Imagine diving into a 3-D 
science-fiction movie that rolls 
from the moment you slip into 
the water until the moment 
you’re back on the boat."
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WATER 
PLANET

A diver uses a ZooKeeper containment 
device to safely store a speared lionfish.

F
or most people, eating a fresh seafood 
meal means ordering the catch of the 
day or choosing between lobster and 
crab. But within the past several years 
an exotic and extremely sustainable 
option from the other side of the world 

has begun to show up on menus and grocery store 
seafood counters: the invasive lionfish.

THE PERFECT INVADER
Lionfish, native to the Indo-Pacific and Red Sea, were 
first documented off the coast of southeastern Florida 
in 1985 and have since spread throughout the western 
Atlantic Ocean, Caribbean and Gulf of Mexico. Likely 
in the region as a result of aquarium releases, these 
fish have no known predators. Equipped with 18 
venomous spines, ornate, flowing fins and a bold, striped 
body pattern, lionfish may appear more ornamental 
than detrimental, but these predatory fish can wreak 
environmental havoc if left unchecked. More than 120 

species of native fish and invertebrates have been found 
in lionfish stomachs, according to marine ecologist 
Stephanie Green, Ph.D., and lionfish compete with larger 
species, such as grouper, for both food and habitat. These 
impacts can be devastating; lionfish have been shown to 
reduce the biomass of native reef fish by an average of 65 
percent, according to a 2012 study by Green.

As more people become aware of the threats lionfish 
pose to native species and ecosystems, an increasing 
number of seafood suppliers, divers, chefs and 
consumers are realizing that the best way to control 
the effects of this invasion might just be to eat our way 
out of it, one lionfish at a time.

MALICIOUS YET DELICIOUS
Lionfish have a flaky, white meat that can be compared 
to hogfish or snapper. The firm texture and buttery, 
mild flavor of lionfish can be featured in an endless 
number of recipes — grilled, blackened or fried is just 
the beginning. Ever tasted white-cheddar-popcorn-

By Amy Lee
EATING OUR WAY OUT
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crusted lionfish or coconut-breaded lionfish tenders? 
These and many other unique recipes are featured in 
The Lionfish Cookbook published by Reef Environmental 
Education Foundation (REEF). The second edition of 
the book, released in 2016, has more than 60 appetizer 
and entrée recipes highlighting lionfish. The book was 
recently nominated for three 2017 Gourmand World 
Cookbook Awards, including Best Sustainable Food 
Book, Best Fish and Seafood Book and Best Fundraising/
Charity Book. Professional chefs and restaurateurs 
from all over the invaded region who serve lionfish in 
the interest of promoting sustainable seafood choices 
submitted some of the recipes. 

Several restaurants featured in The Lionfish Cookbook, 
including Fish House Encore in Key Largo, Fla., and 
Piccolo Ristorante in Ft. Lauderdale, Fla., have hosted 
special dinners with several courses of lionfish entrees 
and a paired wine. Events like these offer an opportunity 
to spread awareness and educate attendees about how 
they can combat the invasion by eating delicious lionfish 
dishes and asking for lionfish to be served at dining 
establishments. The phrase “eat ’em to beat ’em” has 
become a call to action for sustainable seafood supporters 
throughout the invaded region who hope that increased 
demand for the fish will lead to a bigger supply.

HOW TO CATCH A LIONFISH
Studies have shown that over time native fish populations 
are able to recover if lionfish are continuously removed 
from invaded reefs. While it is not difficult to capture 

these slow-moving bottom-dwellers, you do need the 
proper equipment and knowledge of how to safely handle 
the fish to avoid their venomous spines. Divers can use a 
pole spear to remove lionfish, and it is helpful to have a 
containment device such as a ZooKeeper to safely store 
speared fish. Individual divers who hunt lionfish may 
choose to sell their catch to a local restaurant or seafood 
market, but many recreational divers simply take their 
fish home to prepare a fresh, sustainable meal. 

Teams of recreational divers can catch hundreds 
of lionfish in single-day fishing events known as 
lionfish derbies, which occur in many U.S. cities on the 
Atlantic and Gulf of Mexico coasts and throughout the 
Caribbean. Each lionfish brought into the competition 
is measured, and the largest fish are filleted in front of 
many eager onlookers. The fillets from these fish are 
used to encourage commercial market development, and 
some are served to the derby attendees as ceviche, a dish 
consisting of lionfish marinated and cured in lime juice 
and tossed with diced vegetables and cilantro. 

In recent years, some lionfish derbies have expanded 
with the goals of reaching a broader audience and 
facilitating market growth by including samples of 
lionfish dishes prepared by local restaurants. Some 
have even included lionfish culinary competitions 
featuring prominent chefs and judges. Two of REEF’s 
upcoming summer lionfish derbies (in Sarasota and 
Palm Beach County, Fla.) will include lionfish cooking 
competitions with opportunities for the public to 
sample the versatile, tasty invader.

“‘EAT ’EM 
TO BEAT ’EM” 
HAS BECOME 

A CALL TO 
ACTION FOR 

SUSTAINABLE 
SEAFOOD 

SUPPORTERS 
THROUGHOUT 
THE INVADED 

REGION....”Staff and volunteers measure lionfish at a REEF lionfish derby.
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BITING BACK
A commercial lionfish market has been slow to 
develop, but progress has been recently made to bring 
lionfish to the forefront of seafood consumers’ minds 
and plates. In 2015 Monterey Bay Aquarium’s Seafood 
Watch, a program designed to help consumers make 
sustainable seafood choices, labeled lionfish a “Best 
Choice,” the program’s highest rating. This seal of 
approval led Whole Foods to begin selling lionfish in 
their stores. In 2016 all Whole Foods stores in Florida 
began selling lionfish, and there is hope that this may 
expand into more stores in the future. Consumers 
who want to purchase lionfish but are wary of their 
venomous spines have no reason to worry — Whole 
Foods employees will remove the spines and fillet the 
fish, so all discerning seafood shoppers need to do is 
decide how to prepare their lionfish.

While it is very unlikely that lionfish in the Atlantic, 
Caribbean and Gulf of Mexico will ever be completely 

eradicated, controlling their populations and 
minimizing their impacts may be made more feasible 
by adding them to menus and grocery store seafood 
departments. Divers, snorkelers, conservationists, 
chefs, seafood eaters and spearfishers can all take 
active roles in the fight against these malicious but 
delicious invaders. AD
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WATER PLANET
EATING OUR WAY OUT

HOW TO HELP
Whether you dive, fish or simply love eating seafood, you can help 
combat the lionfish invasion.
Remove: Safely collect any lionfish you see while diving or 
snorkeling. (Be sure to check local regulations first).
Consume: Ask restaurants to serve lionfish, and order it when you 
see it on the menu.
Report: Download REEF’s lionfish sightings app for iPhone or Android 
to report any lionfish sightings throughout the invaded range. 

Clockwise from above: 
Lionfish with salsa 
verde prepared by chef 
Laura Owen of CJ’s 
on the Bay, Marco 
Island, Fla. Chef Xavier 
Deshayes prepares 
lionfish at the Ronald 
Reagan Building and 
International Trade 
Center, Washington, 
D.C. The REEF 
Lionfish Cookbook 
offers more than  
60 delicious ways  
to prepare lionfish  
at home. Lisa Stengel 
holds an 18-inch 
lionfish she speared 
at a REEF Invasive 
Lionfish Program 
derby.
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L
ast year my wife and I acquired a 
150-gallon saltwater aquarium, and 
it has changed our lives in significant 
and unexpected ways. We spend hours 
every day watching the fish, corals and 
other invertebrates wander around 

and interact in our miniature reef system. We never 
imagined that a tank would teach us more about our 
ocean world than 20 years of active diving ever did. 

After setting up our tank, mistakes and all, I 
observed on our next ocean dive activity I had never 
noticed before. It was as if I had taken LSD and was in 
a kaleidoscopic dream about a place I had never visited 
before (instead of on my umpteen-hundredth dive). I 
noticed important grasses, algae, coral competition and 
the insanely loud clicks of mantis shrimps everywhere.

It was disorienting, in a good way. My wife and I 
have been active in the Reef Environmental Education 
Foundation (REEF, REEF.org) and the Coral Restoration 
Foundation (CoralRestoration.org) for much of our 
diving lives, so we thought we knew it all. We didn’t.

Through the trials and tribulations of creating a 
healthy ecosystem in our marine aquarium, we were 
forced to get something like mini-Ph.D.s in marine 
biology. I found myself reading every book I could and 
poring over arcane scientific studies in an attempt to 
beat the normal aquarist’s learning curve and mistakes. 
Unfortunately, no amount of studying prevented me 
from making mistakes along the way, and even flooding 
my floor twice, but now we have a beautiful, life-
sustaining mini-reef system that enables us to observe 
and learn more about our ocean world than ever before.

You may have heard that creating and maintaining a 
marine aquarium can be a lot of work, and I won’t kid 
you, it is — at least in the beginning. But with a little 
patience and perseverance you can have a small slice 
of low-maintenance ocean inside your house to enjoy 
during all those hours you aren’t getting wet in the sea. 

Here is some good general advice I wish I had known 
when I was starting out.
• You’ll need a tank, tank stand, lighting, filter/pump, 

means of circulation, temperature-control systems and 
more. You can buy it piecemeal or all at once

• There are multiple aquarium systems, and each is 
touted by its believers with near-religious fervor.

• Expect it to take weeks from the time you first get 
your tank running until you can put fish in it.

• Buy a few books on marine aquarium creation  
and operations

• You’ll need a way to put fresh saltwater into the tank on 
a regular basis (e.g., buying, making, or gathering).

• You’ll also need a way to put nonchlorinated distilled 
or reverse-osmosis filtered water into the tank on a 
regular basis (many aquarists have reverse-osmosis 
filters or distilled water-makers).

• You can have soft or hard corals, but it is not easy to 
have both in the same tank.

• Research which fish and corals will tolerate each other.
• You’ll need to learn to spot the signs of disease, 

especially “ich” (Ichthyophthirius multifiliis) and 
other common fish diseases.

• There are lots of great marine aquarium resources 
online. I am partial to Reef Central (reefcentral.com/
forums).

Enjoy creating your own slice of underwater 
heaven! AD

MEMBER TO 
MEMBER

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.

A REEF IN THE LIVING ROOM

Learning to 
maintain a reef 
system in your 
own home can 
lead to enhanced 
enjoyment and 
fascinating 
insights during 
underwater 
excursions.
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By Roger A. Grimes 
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R
eliable measurement of oxygen is the 
technology that makes mixed-gas 
closed-circuit rebreathers (CCRs) 
possible. For the past 50 years, 
all electronic CCRs but one have 
relied on the system invented by 

marine scientist Walter Starck for the Electrolung, 
the first commercial CCR. Introduced in 1968, 
Starck’s design featured three electrochemical oxygen 
(O2) sensors along with a “voting logic” protocol 
to address the unreliability of individual sensors. 
Recent developments, however, suggest that Starck’s 
technological hegemony has reached its zenith. 

In March 2017, Poseidon Diving Systems began 
shipping the first digital solid-state CCR sensor, which 
promises to bring far greater accuracy and reliability 
to oxygen measurement. This optical sensor is 
configured to serve as an offboard supplement to the 
galvanic sensors used in Poseidon’s MKVI and SE7EN 
rebreathers. The Sweden-based company also plans 
to incorporate the sensor into its SE7EN rebreather 
within the next year and has offered to license the 
technology to other manufacturers. 

Avon Underwater Systems has also announced plans 
to release an optical O2 sensor that will be used in its 
new MCM100 military rebreather. The MCM100 is 
the brainchild of business development manager Kevin 
Gurr, who sold his company to Avon after inventing the 
Sentinel and Hollis Explorer sport rebreathers. Avon is 
working with sensor developer Polestar Technologies, 
which is also building an optical carbon-dioxide (CO2) 
sensor (see Gear, Alert Diver, Winter 2016). 

This long-anticipated development is great news 
for rebreather diving, which still suffers from a fatality 
rate that has been estimated as high as 5-10 times that 
of open-circuit scuba. Galvanic sensors are regarded 
as the Achilles’ heel of CCRs; numerous fatalities 
and near misses are attributable to their failures. 
Optical sensors promise to be a significant safety 
improvement. 

Given the size and economics of the sport-diving 
market, it will probably be some time before optical 

sensors are commonplace. Most insiders say it’s 
unlikely that optical sensors will on their own 
measurably reduce fatalities. They will go a long way, 
however, toward advancing rebreather technology 
from its current test-pilot status to something closer to 
commuter status. 

A STARCK VISION
Starck’s Electrolung used three newly invented 
polarographic sensors whose conductivity varied 
proportionally with oxygen levels. Starck and his 
colleagues would assemble and calibrate fresh sensors 
for each day of diving. Because of the sensors’ inherent 
fallibility, Starck incorporated a voting logic protocol 
that determined the partial pressure of oxygen (PO2) by 
averaging the output of the two sensors whose readings 
were closest to each other’s and ignoring the third.   

Within a year another start-up, BioMarine 
Instruments, used Starck’s sensor design for their CCR-
1000, the predecessor of the U.S. Navy’s Mark 16 (MK 
16). Their version replaced the polarographic sensors 
with galvanic fuel cells, which did not require a power 
supply. Even though early cells had to be replaced every 
few weeks, they quickly became the industry standard. 

Galvanic sensors, which are essentially wet-cell 
batteries that generate a millivolt current proportional 
to the PO2 in the system, have greatly improved since 
that time, but as any rebreather diver knows, they are 
finicky at best. The sensors have a finite lifetime, can 
become current limited and suffer from manufacturing 
irregularities and individual variation. They can 
also have problems with calibration, temperature 
compensation, condensation and handling. 
Additionally, in some circumstances, Starck’s voting 
logic protocol has been shown to offer little more 
reliability than a single sensor. 
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GEAR

OXYGEN SENSING IN 
REBREATHER DIVING
By Michael Menduno

Sonia Rowley, Ph.D., photographs the temperature data logger she 
just deployed on the drop-off at Pohnpei Island, Micronesia.
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IN SEARCH OF THE 
HOLY GRAIL
Poseidon jump-started 
its entry into the 
rebreather business 
in 2005 by licensing 
Bill Stone’s Cis-Lunar 
technology and has been 
a major innovator in 
recreational rebreathers. 
In 2007 the company introduced its Active Sensor 
Validation (ASV) system, which automatically validates 
its primary O2 sensor every five minutes, performs 
other tests every minute and incorporates a secondary 
redundant sensor — arguably the first significant 
innovation in O2 sensing since the Electrolung.

Next the company embarked on a quest to replace 
its galvanic sensors with more reliable technology. The 
result is a new optical sensor that uses luminescent 
quenching. Essentially, an LED light excites the 
underside of special polymer surface, which is covered 
with a hydrophobic membrane and exposed to the 
gas in the breathing loop. A digital color meter then 
measures the responding change in fluorescence, 
which is dependent on oxygen tension, and an 
algorithm calculates the PO2 (see diagram).

“For the past five years my holy grail has been 
sorting out oxygen sensing,” explained Poseidon CEO 
Jonas Brandt, who expects their new sensor to last 
more than 3,000 dive hours. “I feel we’ve succeeded.” 
The sensor comes calibrated from the factory and 
requires Poseidon’s M28 dive computer to operate; it 
cannot be substituted for an analog sensor.

Stone associate Richard Pyle and a team of 
ichthyologists at Bishop Museum in Honolulu, Hawaii, 
have been field testing the new sensors for more than 
a year and generating copious data that’s being used to 
refine the sensor’s algorithm. The SE7EN rebreather 
records 30,000 to 40,000 events per hour. Pyle 
estimated that they have roughly 1,000 dive hours on 
the sensors to depths as deep as 500 feet. “The sensor 
has been incredibly reliable and much more granular 
than a galvanic cell,” he said. “We had numerous 
incidents in which the galvanic cells did not agree with 
the solid-state sensor; in all cases the galvanic cells 
were wrong.”

Brandt said the company had preorders for about 
80 of the $1,495 sensors and CPOD offboard adapters 
as of March 2017. Poseidon plans to incorporate the 
new sensor into its ASV system in the next year and 
is in discussions with at least one other manufacturer 
interested in licensing the technology.

Polestar’s new sensor is also based on luminescent 
quenching but features a consumable polymer-sensing 
strip that must be replaced periodically. The company 
initially developed the sensor’s chemistry for NASA, 
which needed a reliable sensor for monitoring space-
station gardens. It sells about $1 million of the sensors 
annually for the bioreactor market and is now adapting 
them for diving. 

“Many industries are converting from 
electrochemical to optical sensors because of 
reliability,” said James Kane, Polestar’s vice president of 
technology and product development.

WHAT ARE YOU BREATHING?
What will a rock-solid optical O2 sensor mean for 
divers? For one thing, they will likely have a single 
PO2 to monitor instead of three. Whether the sensor 
will make rebreather divers safer is a more nuanced 
question. As human factors consultant Gareth Lock 
explained, “Safety is a systems concept, not a product 
feature. There is no such thing as a safe rebreather  
in itself.”

Nevertheless, removing divers’ uncertainty about 
exactly what they are breathing at any point during 
the dive can only enhance safety — as will completing 
their checklists. AD

ALERTDIVER.COM  |  111

Poseidon is offering its optical sensor and CPOD holder as an 
offboard sensor that connects to the breathing loop and is powered 
by Poseidon’s M28 computer.

Poseidon’s 
optical sensor 
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We can attach any underwater camera to  
any underwater strobe or light.

Often copied, never equaled. 
100% customer satisfaction guaranteed. 

For product information, call 805-484-3334.
Visit our website: www.ulcs.com

Made in the USA

GoPro accessories available for Hero 2, 3, 3+, 4, and 5

 21 YEARS IN BUSINESS

www.bilikiki.com
bilikiki@bilikiki.com   tel: 1 800 663 5363

SOLOMON
ISLANDS

Bilikiki Cruises

MACHINED ALUMINUM
FUMBLE-FREE FLIP DESIGN

PERFECT UNDERWATER COLOR
PROFESSIONAL +15 MACRO LENS

WORKS WITH 4 GENERATIONS OF GOPRO

MARKETPLACE
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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. 

spiritoffreedom.com.au

>  Dive remote region 
Great Barrier Reef 

>  Coral Sea shark dive  
& 3000ft walls

>  Australia’s premier 
liveaboard

AUSTRALIA
GREAT BARRIER REEF • CORAL SEA 

& REMOTE FAR NORTHERN REEFS

TSA SOF Alert Diver Ad.indd   1 26/5/14   4:03:14 PM
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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.

   DAN.org

caradonna.com
800-328-2288

sales@caradonna.com

l Over 31 years in dive travel
l World class destinations 
   across the globe
l Online booking engine
l No ads or distractions

DIVING
MADE
EASY.
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PARTING 
SHOT
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By Clark Miller
aquaterraimagery.com

Each year in January and February, sailfish congregate 
in the shallow waters off Mexico’s Isla Mujeres to 
feed on sardine baitballs. Up to 50 of these normally 

solitary billfish work together to separate parts of the larger 
sardine school and drive the small fish to the surface. It is 
a no-way-out situation for the sardines as the sailfish pick 
out individuals, slashing their prey with their bills to stun 
them. The sardines’ fate is sealed. Keeping up with the 
baitball and sailfish is a rigorous, heart-pumping game of 
getting off and on the boat.  

EQUIPMENT: Canon 5D Mark III, Canon EF 8-15mm f/4L 
fisheye lens at 15mm, Aquatica housing with 9-inch dome
SETTINGS: 1/1000 sec @ f/7.1, ISO 1250, under sunny skies
LOCATION: Isla Mujeres, Mexico



TRAIN CONFIDENTLY. LEAD WISELY.
Make sure ALL your divers are covered by DAN.

You want your divers to stay safe during their training and beyond. When you 
certify advanced, specialty and technical divers, you know their adventures 
will take them beyond the local watering hole, so make 
sure they dive with DAN.

DAN.org/JOIN

COMPETITIVE ADVANTAGE #1
FREE Student Medical Coverage

O  er your students the additional security and protection during their entry-level course 
with up to US$25,000 in medical expense coverage for injuries that may occur during 
their training. A NEW and exclusive benefi t for DAN Professional Members.

• O  ered at no cost to you or your students
• Up to US$25,000 coverage for medical expenses for injuries occurring 

during entry-level training
• Coverage ends 60 days after registration or until last certifying dive
• No paperwork – invite only

For more information, visit DAN.org/PIM. To enroll, call DAN Professional Member 
Services at 1-877-532-6776.

JOIN DAN’S
PROFESSIONAL MEMBERSHIP PROGRAM
Exclusive benefi ts. Signifi cant coverage. Competitive advantage.

A membership serving industry professionals of all levels, DAN Professional Members 
have access to relevant diver health, dive safety, risk mitigation and insurance services.

Other benefi ts of membership include:
 NEW Prepared Diver Course
 RELEVANT Scientifi c Publications
 PORTFOLIO of First-Aid Programs
 POWER of DAN



BREATHE EASIER.
With the new S620 Ti, you’ll be delighted above and below 
the surface. The next generation S600, the S620 Ti has been 
completely redesigned to offer the best in breathability. 
From the new comfortable mouthpiece to the exhaust tee 
that diverts bubbles while making breathing effortless, you’ll 
immediately experience the difference. Featuring a corrosion-
free titanium core, the S620 Ti is the ultimate regulator for 
any diving condition – and dive destination. Lighter and more 
compact, traveling with the S620 Ti is a breeze.

S C U B A P R O . C O M

Available with MK25 EVO Titanium, MK25 EVO and MK17 EVO first stages.* Shown with optional color accessories to make it truly your own.


