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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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Travel
Smarter

Coverage That Travels With You 
When it comes to travel, a little preparation can save a lot of  
trouble. DAN’s Travel Insurance provides coverage for certain 
unexpected events, so you can enjoy your dive trip or family  
vacation. In addition to DAN’s trusted Dive Accident Insurance, 
the per trip and annual plans offer a range of benefits to keep you  
focused on what matters most. Travel smarter, and explore  
the benefits.

n Emergency Assistance and Transportation
n Medical and Dental Coverage
n Trip Cancellation
n Trip Interruption
n Rental Car Damage Coverage

DAN.org/TRAVEL

With DAN Travel Insurance

Explore DAN.org/travel for complete coverage. Plans exclude losses caused by, or resulting from, scuba 
diving below 40 meters or without a dive master. Annual Plan coverage available in the United States 
except for residents of FL, IN, NY and WA. 

Travel insurance plans are administered by Customized Services Administrators, Inc., CA 
Lic. No. 0821931, located in San Diego, CA, and doing business as CSA Travel Protection 
and Insurance Services. Plans are available to residents of the U.S. but may not be 
available in all jurisdictions. Benefits and services are described on a general basis; certain 
conditions and exclusions apply. Insurance is underwritten by: Generali U.S. Branch, New 

York, NY; NAIC # 11231. Generali US Branch is admitted or licensed to do business in all states and the 
District of Columbia. A200_15_09
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hendersonusa.com

FEATURING

LINING

Immerse yourself in the warmth 
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!

Respond
Smarter

An Educated Diver Is a Safer Diver 
Whether you find yourself on the scene of an accident or witnessing  
a health-related emergency, chances are you will be involved in a crisis 
situation at some point in your life. Developed by medical experts, 
DAN’s first-aid courses will make sure you are prepared to help.  
Respond smarter, and explore our course offerings.
 
n Basic Life Support: CPR and First Aid
n First Aid for Hazardous Marine Life Injuries
n Neurological Assessment
n Emergency Oxygen for Scuba Diving Injuries
n Diving Emergency Management Provider

DAN.org/TRAINING

With DAN First Aid Training Programs
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Marina Del Mar Resort & Marina,  
Key Largo

Pet friendly rooms & suites on deep water 
marina. Free light continental breakfast. 

800-451-3483 or 305-451-4107
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800-433-8946 or 305-852-4599

floridakeysdivectr.com
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& Key West, North America’s only living barrier reef never 
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Try one on and feel the difference, 
only at your local dive shop!
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Nassau grouper at Bloody Bay Wall, 
Little Cayman. Photo by Stephen Frink
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D
AN® membership is about 
more than just diving. Many 
member benefits are products 
and services that are just as 
valuable to nondivers or for 
nondiving activities. That’s why we 

recommend DAN membership for anyone who travels 
or spends time in or on the water. To help you get the 
most out of your DAN membership, we’ve identified 
some common misconceptions and clarified how  
DAN can help you.

Misconception: DAN membership includes insurance 
for medical evacuations.
A key benefit of DAN membership is automatic 
enrollment in the TravelAssist® program at no 
additional cost. TravelAssist is not insurance; it  
is an emergency medical transportation service  
DAN provides to members who need emergency 
evacuation or medically necessary repatriation. 
Transportation will be to the nearest appropriate 
medical facility. Members must contact DAN at 
+1-919-684-9111 to access this service; DAN will  
not reimburse evacuations arranged by anyone other 
than DAN.

Misconception: DAN TravelAssist will repatriate me 
home in any circumstance.
Given the availability of quality medical care around 
the world, it is seldom necessary to effect an evacuation 
to a member’s home. Once a member’s medical 
condition is stabilized at the nearest medical facility, if 
the member requires further care and is medically fit 
to travel by commercial air or ground transportation, 
TravelAssist will arrange to repatriate the member 
to his or her place of residence or a different medical 
facility for further care. Members who want the option 
to be transported to their home country when they 
suffer a medical emergency while on a diving vacation 
should consider buying DAN’s Guardian dive accident 
insurance plan.

Misconception: DAN’s emergency assistance is only for 
dive emergencies.
You can call the DAN Emergency Hotline for help 
with any type of medical emergency. We recognize 
that accidents happen above water as well as below, 
and DAN provides emergency assistance regardless of 
the circumstances. The emergency need not be dive 
related, nor does it need to occur during a dive trip.

Misconception: DAN membership includes medical 
expense coverage.
DAN membership alone does not include coverage for 
medical treatment costs. To be covered for medical 
expenses, members must purchase one of the optional 
DAN-sponsored insurance plans. For those seeking 
greater protection against nondiving injuries, DAN 
also offers various trip and travel programs that offer 
nondiving medical expense coverage up to $100,000. 

Misconception: DAN membership is good only for 
emergency evacuations. 
Emergency medical transportation may be the most 
well-known benefit provided by DAN, but membership 
provides divers not only with services to respond to 
accidents but also with the information and education 
needed to prevent them. All DAN members have access 
to DAN’s expert medical information and unbiased, up-to-
date educational resources on issues of common concern 
to the diving public. Membership includes a subscription 
to Alert Diver magazine and a copy of the DAN Dive and 
Travel Medical Guide. DAN provides both publications 
to members at no cost to educate divers and promote the 
DAN mission of dive safety through education.

We understand our responsibility to inform and educate 
our members to the best of our ability. Our knowledgeable 
team members are standing by to help, whether you 
have a medical concern or a membership inquiry. For 
nonemergencies, call +1-919-684-2948 or +1-800-446-
2671, Monday through Friday, 8:30 a.m. to 5 p.m. ET. 

For more information about DAN membership 
benefits, visit DAN.org. AD
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FROM THE 
SAFETY STOP

PERSPECTIVES

By Bill Ziefle

DAN MEMBERSHIP AND 
YOU: SOME COMMON 
MISCONCEPTIONS



DAN.org/GUARDIAN

Even the safest divers must prepare for the unexpected.
For greater coverage and other premium protections such 
as additional emergency medical transportation, home 
country medical evacuation and repatriation, search and 
rescue and medical expenses for select water sports, 
DAN’s Guardian Plan provides the highest level of 
dive accident insurance coverage.

 $500,000  Medical Coverage For Dive Accidents
 $50,000 Medical Evacuation To Home Country
 $50,000 Search and Rescue Coverage
 $30,000 Coverage for Select Water Sports

Higher Limits.         
  More Protection.

Policies issued by The United States Life Insurance Company in the City of New York (US Life). 
Issuing company US Life is responsible for fi nancial obligations of insurance products and is a 
member of American International Group, Inc. (AIG). Products may not be available in all states 
and product features may vary by state. Policy # G-610,444, Form # ACC-USL 2000. AG-11823
 
This brochure is a brief description of benefi ts only and is subject to the terms, conditions, 
exclusions and limitations of the group policy.

With DAN’s Dive Accident Insurance

AD_Winter2017_Guardian_HigherLimitsAd.indd   1 1/17/17   2:56 PM

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!



O ccasionally we simply can’t decide 
what photo should appear on 
the cover of Alert Diver. We are 
fortunate that so many of the world’s 
most talented marine photographers 
regularly share their vision with 

our readers, but this can make for difficult choices. 
Sometimes to resolve the question we reach out to our 
members to help us decide by means of an online cover 
test. Humpback or orca, we wondered. As you will have 
seen, Brandon Cole’s humpback photo prevailed. 

Sometimes the decision is about more than just 
aesthetics. When I posted the cover test on my own 
Facebook page, I had several friends who explained 
their vote for the orca with environmental reasoning. 
Susan Eaton commented: “Orca, hands down…. The 
orcas of Vancouver Island are endangered, so this 
choice will serve to highlight this issue.” This was 
news to me. I’m not surprised, I suppose, but because I 
usually work in tropical waters I’ve been more engaged 
with issues such as coral bleaching, ocean acidification 
and shark finning. Working from the 
premise that you have to know an 
animal to photograph it consistently 
well, I asked Brandon Cole: “What’s 
going on with the orcas, and should 
we be worried for them?” His reply:

I am worried, absolutely. I’ve been 
following these pods of orcas for 
decades, and there’s no doubt that 
they have been, and still are, facing 
strong headwinds, primarily of 
our making. We’ve overfished their 
main food source, Chinook salmon. 
Members of the J, K and L pods 
(collectively, the “southern residents” 
— salmon-eating specialists regularly 

seen in the waters around southern Vancouver Island 
and in Washington’s San Juan Islands and Puget 
Sound) now must spend more time and energy ranging 
widely for the salmon. 

There’s also the problem of marine pollution. 
Industry and millions of people in the greater 
Vancouver and Seattle metropolitan areas have left 
a legacy that can’t be easily cleaned overnight. Apex 
predators at the top of the food chain — orcas — are 
highly susceptible to accumulation of toxins (e.g., 
heavy metals and PCBs [polychlorinated biphenyls]) in 
their tissues. Such toxic exposure places considerable, 
continuous strain on the whales’ health, which in turn 
affects the next generation. 

As if these formidable challenges weren’t enough, the 
orcas also must contend with very busy, noisy waters. The 
surface presence and emissions of so many watercraft and 
the underwater noise generated by their engines further 
alter orca behavior and affect orca health.

I had not expected such unfortunate news. I originally 
saw this image as celebratory: a killer whale leaping 
from the sea for the sheer joy of it — a “Willy,” wild 
and free. But, of course, the backstory of any marine 
photograph is as important as the first impression, 
maybe more so, and I’m glad to know more about that 
one. It makes me think about what I might do to help. 

Choosing to not compete with the orcas for food is 
one option. I could make a conscious choice to avoid 
wild-caught salmon, particularly Chinook. Of course, 
it may not even be possible to accurately sleuth out 
where a salmon has come from by the time it gets 
to the grocery store or restaurant, but elevating the 
choice to a conscious consideration is a step in the 
right direction. 
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I optimistically thought PCBs might be less of a 
problem today, especially since they were outlawed 
in the United States nearly 40 years ago. Nature’s 
The Dolphin Defender suggests this is still a 
significant and present danger:

More than 200 kinds of PCBs have been used 
as flame retardants and electrical insulators in 
products ranging from cereal boxes to plastics. 
Although they were banned in the United States 
and many other nations in the late 1970s, PCBs 
continue to leak into the oceans from river sediments 
and other sources. The chemicals enter into the food 
chain and ultimately into fish, which dolphins eat. 
Researchers with the National Institute of Standards 
and Technology in Charleston, South Carolina, say 
that dolphin blubber carries some of the highest PCB 
concentrations found in any wild animal.… 

[F]emale dolphins with high levels of PCBs 
appear to have lower pregnancy rates than less-
contaminated females…. Another finding of concern 
is that heavily contaminated female dolphins that 
do get pregnant often lose their first calves. That 
may be because the mother dolphin “burns” blubber 
to make milk. The PCBs and other compounds 
stored in the blubber become part of the milk and 
are transferred to the calf. The chemicals may harm 
the baby dolphin’s immune system, making it less 
able to fight off infections from viruses and bacteria. 

Scientists have also found that PCB-contaminated 
male dolphins don’t develop sexually. Even more 
alarming, research shows PCBs similarly affect other 
members of the dolphin family, such as orcas. …
[T]he orca population in Puget Sound, off Seattle, 
Washington, has dwindled in the past 20 years. The 
high mortality rate and undeveloped reproduction 
systems were attributed to the high PCB levels in the 
orcas’ tissues.

Every picture tells a story, or so goes the cliché. I 
thought the story was the sheer beauty of an orca 
in the wild — and gratefully, that is part of the 
story. But if the photograph can lead to a better 
understanding of the issues affecting marine life 
and our relationship to it, that’s all the better. 
Enlightened communication is a lot to ask from 
a single click of a shutter and is thus all the more 
significant when it occurs. AD
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DIVE HUT DIVERSION
Our team of biologists is currently 
based out of McMurdo Station, 
Antarctica, studying polar 
gigantism in sea spiders. The 
project has us diving beneath the 
sea ice at half a dozen locations 
around McMurdo Sound. Sitting 
in our dive huts during surface 
intervals, we’ve been passing the 
time by getting caught up on back 
issues of Alert Diver. 

— Tim Dwyer,  
McMurdo Station, Antarctica

PERSPECTIVE DIVERSITY
Thanks for putting out another great 
edition of Alert Diver, featuring a 
really stunning portfolio by my evil 
twin, Douglas Seifert, and Stephen 
Frink’s thought-provoking editorial 
on the public response to the tabloid 
presentation of his croc photos 
from Cuba (Fall 2016). Living in 
our “diver’s bubble” of people with 
shared experiences, it’s easy for us 
to lose sight of the fact that while 
the diving community has (relatively 
recently) accepted the value of and 
very limited threat posed by sharks, 
crocs and other large marine wildlife, 
this attitude is not at all shared by 
the general public. 

This was brought home to me 
by another post that went viral 
earlier this year: a drone video of 
tiger sharks scavenging a whale 
carcass in a very calm and orderly 
fashion. Although the “action” was 
so subdued that it almost looked like 
it was shot in slow motion, the post 
was titled “Shark Feeding Frenzy.” 
Among the hundreds of comments, 
I didn’t see anyone questioning 
the misleading use of the term 
“frenzy.” The dominant theme in the 
comments was attacking the boat 
captain for getting within 30 feet of 
the carcass because “everyone knows 
what would happen if someone were 

to fall in the water” — meaning, of 
course, that such a hapless person 
would certainly have been instantly 
devoured. Meanwhile folks like 
myself who have actually been in the 
water with tiger sharks feeding on 
whale carcasses were laboring under 
the delusion that if someone fell in, 
a few startled sharks might have 
dashed away briefly, then returned to 
casually taking one bite at a time out 
of the carcass.

We who read a lot of diving 
and environmental publications 
might be under the impression that 
everybody knows by now that sharks 
pose no menace to humans except 
under rare circumstances and that 
humans are a vastly greater threat 
to sharks. Unfortunately, this is not 
the case. Part of the problem is that 
a very different story is presented by 
the mainstream media, which puts 
profit before truth, public welfare 
and the environmental integrity of 
our planet. 

— Doug Perrine,  
Kailua-Kona, Hawaii 

I finally got around to reading your 
article about diving with crocodiles 
and wanted to share a few thoughts 
with you.

I have long believed that with 
privilege comes responsibility. I  
have been privileged enough  
to travel the world underwater,  
and I have felt an enormous  
responsibility to share that world 
with others and to provide a forum 
for education, particularly with 
those who will probably never dive. 
This brings me to your article.

 I was disappointed by your very 
cocky tone (“I didn’t engage with 
those who commented”). You 
suggested that your experiences 
made you so enlightened and that 
the commenters were never going to 
go diving, so they couldn’t possibly 
understand. I am thankful that I 
never approached my students 
or their opportunities to learn 
from my experiences with that 
same arrogant attitude. For many 
years I taught students who lived only 
20 miles from the coast yet had never 
been to the beach. I can guarantee 
you that by the time they got though 
with my class they clearly understood 
the long-term implications of issues 
such as shark finning, ocean noise 
and plastic pollution. 

Perhaps you felt a bit guilty about 
putting your child in the water with 
crocodiles? If that is not the case, then 
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you truly missed an opportunity to 
educate, and you should admit that 
you took those pictures for their 
shock effect and the admiration 
that would come your way from 
all the other narcissistic diving 
photographers. 

Perhaps the next time one of 
your pictures goes viral, you will 
use it as a teachable moment. I can 
assure you that a person does not 
have to be a diver to understand, 
learn and appreciate what our 
ocean holds. 

— Kayleen Lewis, via email

I wanted to say that Stephen 
Frink’s article “Perspective 
Distortion” in the Fall 2016 issue 
was nicely done and very timely. 
I had a similar experience with a 
cover photo I took of wild spotted 
dolphins a few years back. More 
than a few people wrote letters 
describing how horrified they were 
that the photographer and scooter 
diver had “run down” dolphins for 
a magazine cover. 

Anybody who knows anything 
about dolphins can tell you it’s 
impossible to run down wild 
dolphins underwater. Of course, 
these writers didn’t know that the 
scooter diver was a noted marine 
mammal expert or that dolphins 
(even those in captivity) love speed 
underwater, and a scooter helps us 
(slow, awkward humans) make the 
game of chase a little more exciting 
for them.

We are now fully into the age 
where everyone is an expert on 
just about everything because of 
social media. 

— Joseph C. Dovala, via email

PREDIVE SAFETY
During the investigation of a recent 
scuba death, the backup pony bottle 
was found to have a serious fault 
in the second-stage regulator. The 
diaphragm in this regulator had 
pulled out of the retaining seal at 
the rim for more than one-third of 
the circumference. Fortunately, the 
diver had not attempted to use this 
regulator, so it was not responsible 
for the tragic outcome. This fault 
can apparently occur with exposure 
to excess heat (e.g., in a car trunk in 
the sun), ozone and oil or grease.

This finding highlights the 
importance of fully checking the 
function of every piece of your life-
support equipment before each 
dive. It is possible this diver turned 
on the pony bottle and pushed the 
purge button. He clearly did not 
try breathing through it, however, 
or checking the inhalation bias 
by immersing it in water, front 
first, to confirm that it would start 
to free flow before water filled 
the mouthpiece. The predive 
equipment check matters. Do it all 
— your life may depend on it. AD

— George Harpur, Ontario
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WRITE TO 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.

800-328-2288
sales@caradonna.com

All packages include 7 nights, 6 days of 2-tank
boat dives, airport transfers, taxes and service

charges. Rates are per person, double as noted and
subject to availability and standard terms and conditions.

Valid for select dates in 2017.

CSOT#2111993-40 • WSOT#603254369 • FSOT#38781

LITTLE CAYMAN
Little Cayman Beach Resort

Reef Divers
All Meals

Use of Dive Computer
Price $1500 pp/dbl

Valid: 8/19/17-10/20/17

CAYMAN BRAC
Cayman Brac Beach Resort

Reef Divers
All Meals

Cocktail Reception
Price $1325 pp/dbl

Valid: 7/30/17-10/29/17

GRAND CAYMAN
Cobalt Coast

Grand Cayman Resort
Reef Divers

Unlimited Shore Diving
Breakfast and Dinner Daily

Price $1125 pp/dbl
Valid: 7/30/17-12/17/17
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for every diver, and our travel experts can book your perfect 

experience without hassle or hiccups. 

DIVE THE 
WORLD 

Prices are in USD, based on double occupancy, and all packages include 7 nights – hotel or liveaboard accommodations with roundtrip transfers unless otherwise noted, †Australia, Spirit of Freedom transfers are only 
complimentary to Cairns Hotels after disembarkation. Packages include hotel and or cruise taxes and service charges unless otherwise noted. Package is subject to availability, standard terms and conditions and *may be 

ges and other restrictions may apply. Contact your local dive shop or contact Caradonna Dive Adventures. CSOT#2111993-40 • WSOT#603254369 • FSOT#38781

ST. LUCIA

All meals and snacks, 
unlimited diving as scheduled, 
complimentary soft drinks
and wine with dinner

tea and juice, 8 nights , daily 
3-tank boat dives, unlimited 
house reef diving

All meals, 5 days of 3-tank boat 
dives including 1 night boat 
dive, 1 day of south diving, 
non-alcoholic beverages, 
plus activities

All meals including water, 

dives daily, Wi-Fi

Breakfast daily, 6 days of 
2-tank boat dives, unlimited 
shore diving, welcome 
cocktail

Breakfast daily, 5 days of 
2-tank boat dives, Marine 
Park Fee 

All meals, 12 beach or boat 
dives, afternoon tea, use of 
non-motorized watersports, 
welcome drink and fruit 
basket

Spirit of Freedom*†

Wananavu Beach Resort*

Borneo Divers Mabul Re-

Divi Flamingo Beach Resort
& Casino

Turquoise Bay Dive & Beach
Resort

Atlantis Dive Resort
Dumaguete

Buddy Dive at Fort Young
Hotel

Lembeh Resort-Critter@ 
Lembeh

Anse Chastanet

INDONESIA
NORTH SULAWESI

AUSTRALIA

MALAYSIA

BONAIRE

HONDURAS

PHILIPPINES

DOMINICA

$3137 
pp/dbl

$1360 
pp/dbl

$1106 
pp/dbl

$2265 
pp/dbl

$1797 
pp/dbl

$2399 
pp/dbl

Valid through 12/31/17

Travel 5/16-12/14/2017

Valid 6/1-10/31/2017

DUMAGUETEMABUL

ROATAN 

$898 
pp/dbl

$1136 
pp/dbl

$1689 
pp/dbl

FIJI
RAKIRAKI, VITI LEVU

Travel through 
6/30/2018

Travel 4/1/17-3/31/2018 Travel 7/29-12/23/2017

All meals including  snacks, 17 
boat dives, 1 self-guided shore 
dive daily, Wi-Fi, welcome 
drink

Travel 4/1/17-3/31/2018

Travel through 6/30/17

Travel valid 5/1-5/31, 8/1-
8/31 and 12/1-12/19/17

All meals, 5 days of 2-tank 
boat dives, complimentary 
resort activities include,guided    
morning walk around the                                                             
resort, cultural talks and                                                     
coconut tree climbing 
demonstrations
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F
or the past three decades the coral 
reefs of the Florida Keys have been 
under stress. A poisonous cocktail of 
high ocean temperatures, polluted 
runoff from coastal development, coral 
disease and the sudden disappearance 

of algae-grazing urchins (Diadema) left millions of 
corals stricken, many never to recover. 

Two species in particular — the venerable 
elkhorn (Acropora palmata) and staghorn (Acropora 
cervicornis) varieties — felt the impact most acutely. 
Undisputed reef-building champions of the Caribbean 
for thousands of years, they had laid the foundations 
of the region’s most vibrant ecosystems. Since the 
1970s populations of elkhorn and staghorn have 
declined by an estimated 92-97 percent.

Today, however, there’s a new effort in the works 
to rebuild these desolated reefs from the ground 
up with the hope that once-prosperous underwater 
communities could soon recapture their former glory. 

THE PROJECT
In late 2016, the National Oceanic and Atmospheric 
Administration (NOAA) awarded a $2.1 million 
grant to the Florida-based Coral Restoration 
Foundation (CRF) to undertake one of the most 
ambitious coral-planting efforts in history. The 
project sets a target of growing more than 50,000 
coral species, mostly staghorn and elkhorn, and 
distributing them across eight reefs along the Florida 
Reef Tract over three years.

For Kayla Ripple, CRF science program manager, 
that investment represents a major milestone for her 
organization and for the coral restoration field as a 
whole. “No one’s ever done restoration on this scale 

before,” Ripple said. “This is going to be the basis for 
our entire work for the next three years, and we’re 
really excited about it.” 

NOAA Coral Reef Restoration Program Manager 
Tom Moore, whose office supports restoration of 
damaged areas that “need a little extra boost,” said 
the grant is the NOAA Restoration Center’s largest 
in terms of number of corals on an individual award. 
“Every year we’re upping the ante on what we’ve done 
in the past,” Moore said. “And the reality is that we 
have to — we don’t have any choice in the matter. In 
order to have restoration matter at an ecosystem level, 
we’ve got to continue to significantly increase the 
amount of restoration that’s being done every year.”

Founded in 2007 by coral-restoration pioneer 
Ken Nedimyer, CRF is a nonprofit organization 
that works to restore and study coral reefs and 
educate the public about the importance of the 
oceans. CRF has developed ingenious tools and 
techniques to cultivate and plant threatened corals 
such as staghorn and elkhorn, collectively known as 
branching corals or Acroporids.

One of CRF’s biggest innovations has been the 
development of coral nurseries off the Florida coast, 
where CRF staff and volunteers nurture fragments of 
corals into specimens large enough to transfer onto 
a reef in need. These floating havens, six in total, 
will supply all 50,000 of the corals for the three-year 
project. Each nursery consists of a submerged forest 
of PVC pipe “trees” with perpendicular branches from 
which up to 100 pieces of coral are suspended by 
fishing line. 

The nursery corals are organized by species and 
by their genetic makeup, or genotype. Each PVC tree 
is also a family tree of sorts, hosting corals that are 
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 PROJECT EVER IN THE FLORIDA KEYS
Text by Matt Dozier; photos by Stephen Frink 



genetically identical to each other. To 
grow more of a particular individual, 
divers simply break off a small piece 
from the “parent coral” and hang it 
next to its siblings. Amazingly, some 
of the earliest parent corals, collected 
more than a decade ago as “fragments 
of opportunity” broken off from the 
reef by storms, are still going strong 
today. “A lot of the parent fragments 
have been in our nursery for 10 to 15 
years now,” Ripple said. “From the 
initial fragments collected, you can 
create thousands and thousands of 
corals. Instead of taking coral from 
one reef and putting it on another, the 
nursery can sustain your propagation 
in perpetuity.”

SUPERCHARGING THE SCIENCE
Perhaps even more significant than the 
sheer number of corals to be planted 
under the latest CRF project is how 
they plan to do it. “Basically, what we 
did in the past was whatever corals we 
had available, we would plant on the 
reefs,” Ripple said. “Our goal was to 
outplant as many different genotypes 
as we could.” This time the approach 
is different. Instead of a coral-planting 
free-for-all, Ripple’s team carefully 
selected a genetically diverse roster 
of corals — 50 staghorn, 50 elkhorn 
— based on high-resolution genome 
sequencing done by Steve Vollmer, 
Ph.D., at Northeastern University. 
“From there, we’re planting those 
genotypes across eight different reef 
habitats in the same design, the same 
way, in really large numbers,” she said. 

By keeping meticulous records of 
where each genetic strain of coral is 
planted and monitoring how well they 
do over time, researchers will be able 
to look for links between a coral’s genes 
and its ability to survive in a particular 
environment. “Once we can understand 
what’s actually causing them to react 
differently, that has really broad 
implications for further restoration 
of coral reefs,” Ripple said. “So we’re 
hoping that this can be an example for 
other groups to follow.”

Clockwise from above: Ken 
Nedimyer tends to staghorn 
coral growing on a coral tree 
nursery offshore of the Florida 
Keys. Elkhorn coral grows on 
“blocks” in the CRF Snapper 
Ledge Nursery to act as brood 
stock for elkhorn propagation. 
After three to six months, 
corals grow over the epoxy 
and adhere naturally to the 
reef. As they continue to grow, 
the corals begin to fuse into 
one another, creating coral 
thickets that act as habitat for 
fish and invertebrates. Divers 
transport crates of corals 
to a restoration site, where 
they will glue them to the 
reef using a two-part marine 
epoxy.

LEARN MORE
For more information 
or to find out how you 
can get involved, visit 
coralrestoration.org.
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In fact, that’s another key 
requirement of the grant. To 
qualify for NOAA funding, CRF 
had to create a data-sharing plan 
to ensure everyone has access to 
the data their team gathers during 
the project.

“CRF is going well above 
and beyond here,” Moore said. 
“They’re actually setting up these 
experimental projects at all of 
these sites, and they’re going to 
be sharing that information with 
the research community in a way 
that says, ‘Come in and run your 
own experiments here.’ It’s a great 
model, and I think we’re going to 
get a lot out of it.”

CORAL RESTORATION: 
EVOLVED
CRF’s ongoing approach has been 
one of constant experimentation, 
with the hope that someday the 
techniques its founder pioneered 
in 2003 could spark efforts to 
reinvigorate damaged reefs 
worldwide. “In the past, it was all 
trial and error,” Ripple said. “Now 
restoration is evolving into this 
massive, widespread thing across 
lots of different groups in lots of 
different countries.” CRF’s NOAA-
backed, 50,000-coral effort is the 
latest big step in that direction. 

Greg Torda, a coral researcher 
at the Australian Research Council 
(ARC) Centre of Excellence 
for Coral Reef Studies at James 
Cook University in Queensland, 
Australia, points out that there’s 
still a long way to go from a 
numbers standpoint. He said 
he recently surveyed a typical 
reef around a small island in 
Queensland for a study, and on 
that one single reef he found 
roughly 100,000 corals. “Multiply 
that by 3,000 reefs on the Great 
Barrier Reef, and you realize that 
it’s a drop in the ocean,” he said. 

Moore said that realization 
is reflected in the urgency of 
NOAA’s restoration work. “We’re 
really pushing our partners to 
make dramatic leaps forward,” 
he said. “We’ve got to not just be 
putting 50,000 corals out a year; 
we’ve got to be putting a half-
million corals out a year.” 

Money for coral restoration is 
precious, Moore said, and finite 
— so planting 10 times more 
corals can’t hinge on getting 10 
times more funding. That’s why 
the agency places such heavy 
emphasis on improving the per-
dollar efficiency of restoration 
efforts, such as growing corals 
faster, planting them more 
efficiently and improving their 
survival rate. 

Ripple said CRF hopes the 
data it gleans will help pinpoint 
specific genetic traits that make 
corals hardier and more resilient 
in various conditions. So while 
the restoration may be limited to 
CRF’s backyard, the ARC’s Torda 
acknowledged that the treasure 
trove of information the project 
will amass could have value that 
reaches far beyond the Caribbean. 
“I think that’s a pretty sweet 
dataset to tap into,” he said. “It 
would be very valuable indeed.”

BUYING TIME
One thing restoration can’t solve 
is persistent problems that make 
life hard for corals in the wild. 
“Restoration is only meaningful 
in places where you solve the 
problem that actually caused  
the mortality in the first place,” 
Torda said. 

Corals may have something 
of a reputation for being fragile, 
but they are naturally resilient 
creatures. Subject them to any 
one source of stress — high 
temperatures, bad water quality, 
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All scheduled dives:
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marauding crown-of-thorns 
starfish — and there’s a good 
chance they will bounce back. 

But for decades, corals have 
been subjected to a host of slings 
and arrows that beat them down 
until they eventually succumb. 
“It’s like your immune system,” 
said Beth Dieveney, a policy 
analyst for NOAA’s Florida Keys 
National Marine Sanctuary. “The 
more stress you’re under, and the 
more impacts you’re hit by, the 
weaker and weaker you get.” 

Some of those stressors 
are fixable. Dieveney said the 
sanctuary has developed an 
elaborate network of marine 
zones within the wider sanctuary 
boundaries to help protect the 
Keys’ coral reefs from accidental 
damage through popular 
activities like boating and fishing.

The sanctuary also issued 
the permits for CRF’s coral-
restoration work and has spent 
decades seeking to educate the 
public and reduce threats such 
as land-based pollution on the 
region’s corals. “The idea is that 
the local things we can control 
will help shore up the coral reef 
for the more global impacts that 
are harder to address at a local 
level,” Dieveney said.

She’s referring to, of course, 
climate change and ocean 
acidification — two massive 
global problems that, left 
unchecked, will continue to 
wreak havoc on coral-reef 
ecosystems everywhere. And if 
that happens, Moore said, no 
amount of restoration will be 
enough. “Restoration is not the 
long-term solution here,” Moore 
said. “Restoration is something 
that helps us buy time. We can’t 
go out and destroy reefs because 
we know how to restore them. 
The most important thing we 
can do is conserve the ones we 
already have.” AD
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STUDYING DEEP REEFS 
AND DEEP DIVERS
By Payal S. Razdan, MPH, EMT

NOAA rebreather diver 
Brian Hauk photographically 

documents benthic algae 
and coral.

P
apahānaumokuākea Marine National 
Monument (PMNM) in the 
Northwestern Hawaiian Islands is the 
largest marine conservation area in the 
United States and one of the largest 
in the world. Its atolls, islands, reefs, 

pinnacles and surrounding habitats make up one of the 
last expansive wild places on Earth. 

Until recently, coral reef research has focused on 
the shallowest one-third of reef habitat, leaving deeper 
regions mostly unexplored. As a result, many species 
have remained unidentified or even undiscovered. But 
as coral reefs continue to be threatened, supporting 
habitat and species diversity is increasingly critical. The 
National Oceanic and Atmospheric Administration 
(NOAA) recognizes that extensive exploration of 
these reef systems is integral to understanding the 
contributions of Hawaii’s reefs to overall global 
biodiversity. Scuba diving operations are a necessary 
element of this exploration, but the long-term 
physiological impacts of these deep dive exposures are 
not completely understood. Divers must rely on dive 
computers, mathematical models and decompression 

algorithms that have undergone only limited testing on 
humans. As a result, significant gaps in knowledge exist. 

Studying the biodiversity of the Hawaiian archipelago 
using scuba has given scientists a unique opportunity 
to monitor the physiological impacts of deep dives 
and thus expand our knowledge of diving science, 
particularly decompression risk.

THE DIVERS AND EQUIPMENT
The deeper regions are of particular interest because of 
the potential protection and support they provide for 
shallow reef systems during and following environmental 
disturbances.1 Mesophotic (meso meaning middle, photic 
meaning light) coral ecosystems, found in tropical and 
subtropical regions from about 100 feet to 500 feet, 
are extensions of shallower coral environments. Reef-
building corals in Hawaii have been recorded as deep  
as 500 feet. These reefs had never been explored prior  
to the commissioning of the NOAA ship Hi’ialakai, 
which has conducted mesophotic research cruises for  
six years now. 

While remotely operated vehicles (ROVs) and 
submersibles can be used at these depths, they have 
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some shortcomings. Manned 
submersibles and support ships 
can cost more than $50,000 a day. 
The limited mechanical dexterity 
of subs and ROVs makes them 
poor options for collecting nimble 
or delicate marine life. When 
conducting visual fish censuses, 
use of large, noisy hardware can 
make it difficult to approach 
marine life, especially compared 
to divers using minimally intrusive 
closed-circuit rebreathers (CCRs). 

PHYSIOLOGY AND 
DECOMPRESSION STRESS 
Decompression sickness (DCS) 
consists of a constellation of 
symptoms that result from 
decompression stress in excess of 
what can be tolerated. A number 
of variables affect decompression 
stress. How these variables 
ultimately influence DCS risk, 
independently and in concert, is 
not well understood. Improved 
knowledge of decompression 
stress could help researchers 
determine what factors may be 
playing a role at different points 
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in time. The challenge is in understanding how and 
when multiple factors may or may not be important. 
Both lab and field studies are necessary to better 
understand decompression stress and risk.

Lab studies in a controlled environment such as a 
hyperbaric chamber are a critical element in evaluating 
the impact of factors such as pressure, exercise and 
thermal stress on DCS risk. The ability to isolate 
these and other variables is an important benefit of 
lab research. Field studies are less controlled, but they 
incorporate realistic conditions that generally cannot 
be fully reproduced in the lab. In field studies, multiple 
factors work together to produce an overall impact on 
physiology and, subsequently, DCS risk. Although the 
idiosyncrasies of field studies can make it challenging 
to test hypotheses and develop publishable science, the 
results can better reflect real-world activities.

The latest NOAA expedition was organized by 
Randall Kosaki, Ph.D., deputy superintendent of 
research and field operations. This project included 
collaborative work with a scientific team from DAN® 
led by DAN research director Neal Pollock, Ph.D. 
The collaboration gave these researchers access to an 
extensive dive series that would be both difficult and 
expensive to set up in a lab. 

FIELD DIVE MONITORING 
Studying decompression dive 
profiles in the field presents a 
unique opportunity to better 
understand the impact of these 
exposures, particularly on bubble 
formation and DCS risk. Being 
able to follow a single group of 
divers for an extended period offers 
insights that could not be found in 
a shorter series. NOAA’s facilities 
and pool of scientific and working 
divers support a broad range of 
dives. Typically, NOAA divers 
dive 20-minute bottom times at 280-330 feet followed by 
approximately 80-120 minutes of decompression. 

Subjects in field dive-monitoring studies have access to 
real-time measures of decompression stress following their 
dives. For example, transthoracic echocardiography (TTE) 
uses ultrasound to create moving images of the chambers 
of the heart and any visible bubbles that may be present 
postdive. Both the subjects and the program benefit by 

viewing such measures of decompression stress that they 
would normally not be able to see. The resulting insights 
can prompt modification of individual behaviors and 
possibly even the operational practices of the dive program. 
Improved use of conservatism in risk management may 
lead to increased consideration of idiosyncrasies in human 
physiology, which has relevance for all divers.

COLLABORATIVE EFFORTS
Studying scientific divers engaged in dynamic and extreme 
dive profiles provides an opportunity to see whether the 
dive computers and models on which they rely adequately 
control for bubble formation. It also provides an 
opportunity to study whether more conservative settings 
might help reduce the risk of DCS. Better understanding 
of the interplay between decompression stress and the 
various factors that affect physiology can provide insights 
into DCS risk. The lessons learned through this research 
may lead to safer diving, not just for these research divers 
but for the entire scientific and possibly recreational 
diving communities. AD

Reference
1. Muir P, Wallace C, Bridge TCL, Bongaerts P. Diverse staghorn coral fauna on the mesophotic reefs of North-East Australia. PLoS One. 2015; 10(2): e0117933.

THE VESSEL
Hi‘ialakai, Hawaiian for “embracing pathways to the sea,” 
is a critical part of the mission to explore, understand and 
protect the coral reef habitats of PMNM. Its scientific operations 
include field studies that map coral reef ecosystems, perform 
bioanalysis assessments, gauge coral reef health and study fish 
stocks. In addition to carrying small work boats for transporting 
divers to and from working areas, the 224-foot research vessel 
also carries a three-person, dual-lock recompression chamber; 
in the event of a dive accident, the diver can be treated on site.

NEW SPECIES
The number of known fish species in PMNM has grown by more 
than 25 percent, which amounts to a significant increase in 
known biodiversity. More than 70 species of colorful algae formerly 
unknown to science have been collected. The latest expedition 
discovered that the fish communities on deep reefs at 330 feet 
at Kure Atoll (the northernmost reef in the Hawaiian archipelago) 
are composed of 100 percent endemic species (species found 
nowhere else). This is a level of endemism never before seen in 
any other marine ecosystem on Earth.    

A yellow anthias, 
Odontanthias 
fuscipinnis, adorns 
the reef at 300 feet at 
Midway Atoll.

Diver Daniel Wagner 
undergoes spirometry 
testing aboard the 
research vessel 
Hi’ialakai.
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REDISCOVERING HISTORY 
PRESERVED BY THE SEA
AN EXPEDITION UNCOVERS AIRCRAFT LOST IN 1944.
Text by Sabrina Belloni; photos by Franco Banfi

D
eep in the silent oblivion of the 
Adriatic Sea off the coast of the 
Croatian island of Svetac, Lorenz 
Marović and his son, Andi, found 
a series of historical treasures: the 
remains of two U.S. Army Air 

Forces planes that foundered during World War II and 
the wreck of the Greek steamship Michael N. Maris, 
which sank in 1932.

The divers had persevered for months before ever 
leaving the dock, studying relevant nautical charts 
and analyzing reports of local elders. Once ready, they 
equipped their boat with a powerful towed side-scan 

sonar and began to conduct hydrographic surveys. 
The energy emitted by a side-scan sonar sweeps 
the seafloor directly underneath the “towfish” and 
laterally more than 300 feet outward in each direction. 
The strength of the return echoes is continuously 
recorded, creating an image of the ocean bottom that’s 
clearly visible on a screen on the boat’s bridge. Local 
fisherman aided Marović by providing guidance based 
on their experience working the Adriatic. 

One day the sonar monitor showed something 
resting on the bottom of the sea. The second part of 
the expedition thus began, as they planned a series of 
technical dives to verify what the sonar had shown. I 

DIVE SLATE
REDISCOVERING HISTORY
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REDISCOVERING HISTORY 
PRESERVED BY THE SEA
AN EXPEDITION UNCOVERS AIRCRAFT LOST IN 1944.
Text by Sabrina Belloni; photos by Franco Banfi

joined their group of professional 
divers and technicians at this time 
with the goal of documenting 
these exciting discoveries.

Tom Baier, three tech divers and 
I met to plan the dives in detail. 
We would be using closed-circuit 
rebreathers and bailout tanks filled 
with trimix (helium, nitrogen and 
oxygen) for the deep sites (200–
360 feet). This would allow us to 
safely maximize our time spent at 
depth so we could collect as much 
documentation of the wrecks as 
possible. Thoroughly planning the 
dives is a key element in ensuring 
the success of such an expedition. 
Nothing can be ignored, and 
redundancy is mandatory — even 
if it means heavier equipment and 
more time spent studying best 
practices and worst-case scenarios.

A recent expedition in the Adriatic 
Sea has located two aircraft and 

a ship that sank between 70 and 
85 years ago. Expedition member 

Franco Banfi photographed this 
PBY Catalina aircraft at 310 feet.



For the first day of diving in September 2016 we 
chose a site where we had seen signs of an airplane’s 
remains resting on the bottom at 310 feet. Looking at 
the monitor of the sonar, we were excited to see the 
clear shape of wings and part of a fuselage. We were 
eager to take the plunge, to go where no one had been 
before us, and to break the silence of forgetfulness 
by bringing to the surface knowledge of the events 
that caused the sinking. We felt the excitement of the 
discovery, but after a few minutes we had to control 
our enthusiasm and remain calm.

Taking pictures at 300 feet is not an easy task for 
the camera gear or the photographer, who must 
simultaneously leverage extensive knowledge of both 
technical diving and photography. Working under more 
than 10 atmospheres of pressure requires all divers to 
have a clear plan and a goal in mind. Nothing can be 
improvised; there is no time to experiment with settings 
to find the right one through trial and error. 

Though we had only 25 minutes on the bottom, we 
spent more than 130 minutes doing decompression 
stops at various depths for a total dive time of more 
than 2.5 hours.

In those 25 minutes, however, we photographed 
in detail a PBY Catalina aircraft that sunk Sept. 12, 

1944, during an attempt to rescue five survivors from 
a very rough sea. The survivors were the crew of the 
Consolidated B-24H Liberator #41-28762 Tailwind, 
assigned to the 515th Bomber Squadron of the 376th 
Heavy Bombardment Group, 15th Air Force in San 
Pancrazio, Italy. On Sept. 12 the crew participated in a 
raid on Munich, Germany, that focused on the Allach 
BMW Engine Works. That day the Allach engine works 
and the Wasserburg aircraft factory were assaulted 
by nearly 330 Boeing B-17 Flying Fortresses and 
Consolidated B-24 Liberator heavy bombers supported 
by P-38 and P-51 fighters.

On the return flight to San Pancrazio, the rudder 
control of this B-24H failed; the plane dropped out 
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“TAKING PICTURES AT 300 FEET IS NOT AN EASY TASK 
FOR THE CAMERA GEAR OR THE PHOTOGRAPHER.”

When a bomber crashed in the Adriatic Sea after an attack on 
Munich on Sept. 12, 1944, a PBY Catalina aircraft set out 
to rescue its crew. The Catalina landed on the rough sea and 
rescued several crew members but was unable to take off again. 
Fortunately its crew and those it picked up were soon rescued.
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of formation and began a slow 
left turn due to a tail flutter. 
The crew, ordered to bail out, 
parachuted into the middle 
of the Adriatic about 50 miles 
north of the island of Vis. An 
intensive rescue mission was 
launched. Despite high swells 
and strong winds, the captain of 
the PBY Catalina succeeded in 
making an open-sea landing and 
taking aboard five survivors. 
But the aircraft could not take 
off — it began to fill with water 
and was abandoned. Its crew 
and the men they had rescued 
were picked up by a British 
Landing Craft Infantry (LCI), 
an amphibious ship, and taken 
to safety on Vis. Another air 
rescue saved two additional 
members of the bomber’s crew, 
while the remaining four crew 
members were never found.

The well-preserved remains 
of the PBY Catalina are now 
part of the sea. Though the 
plane’s tail is lost and some of 
its lower portion is partially 
buried in the sand, most of its 
features are easy to recognize 
even though the aircraft is 
totally covered by encrusting 
marine life after 72 years in the 
Adriatic Sea.

In accordance with Croatian 
law, the wrecks’ finders 
declared their discoveries to the 
appropriate government and 
military authorities, and it is now 
forbidden to dive the sites. After 
the required surveys and recovery, 
the site will be opened to the 
public to dive under permits given 
to dive centers in compliance with 
Croatian law. AD



T
o convey the sheer wonder and 
amazement of the underwater world 
and its inhabitants, Deano Cook’s 
preferred medium is skin and ink.

His body of work — thousands of 
sprawling, richly colored seascapes 

replete with giant octopuses, sea turtles, blue marlins, 
corals, orcas, dolphins, divers, and sharks, always 
sharks — adorns the bodies of his clients and has 
made him a cult hero to ocean insiders and tattoo 
aficionados alike.

The 45-year-old visual polymath — he also paints 
and is an award-winning underwater photographer — 
typically takes his own reference photos for tattoos. “I 
like to take my art from sea to skin,” Cook explained. 
“It makes my work a more intimate experience.” But be 
prepared: One of his larger creations (an inked sleeve, for 
instance) will set you back the cost of a new rebreather.

Andy Dehart, vice president of animal husbandry 
at the Patricia and Phillip Frost Museum of Science in 
Miami and the shark advisor for Discovery Channel’s 
“Shark Week,” has served as Cook’s chainmail-
clad bodyguard on shark photographic treks. He 
said Cook’s passion for the ocean and his deep 
understanding of color and light enable him to capture 
animals in their true form. 

Cook initially inked on the aquarist’s upper right 
arm a half sleeve featuring Emma, a tiger shark Dehart 
worked with at Tiger Beach, Bahamas. The tattoo 
subsequently grew to include two lemon sharks. “It’s 
like wearing a Picasso on your skin,” Dehart said. 

Cook’s predilection for water and art is in his blood. 
His father had a master’s degree in photography and 
worked as an illustrator. When Cook was young, his 
uncle would take him fishing, crabbing and snorkeling 

in Panama City, Fla. That’s where Cook encountered his 
first shark, which became a subject for his early paintings.

Cook started building his portfolio at an early age. 
He painted backdrops for his school and pored over 
art books. His mom enrolled him in oil-painting 
classes. But there was no money for art school, so at 
17 he left home and went to work as a house painter. 
He also painted cars for a local dealership. 

After showing his portfolio to a local tattoo shop 
owner in 1993, he was hired on the spot. When the 
shop closed a year later, Cook opened Psycho Tattoo, 
which he still operates today. This enabled Cook to 
marry his color-realism-based art with tattooing when 
the realism movement in tattooing was on the rise. 
Today in ink circles he is regarded as a pioneer.

Cook soon realized a long-held dream by becoming 
a scuba diver. Soon afterward he started using point-
and-shoot cameras to bring back underwater images 
to show his friends, then he began incorporating 
ocean art into his business.

By the late ’90s Cook had become known for his 
portraits and pin-up-girl tattoos. “They put me on 
the map, but I wasn’t connecting with my clients,” he 
explained. In contrast, his ocean art was attracting 
like-minded individuals. “I was meeting marine 
biologists and documentary filmmakers, and I realized 
that water people were my people,” he said. 

Cook met marine artist Wyland in 2000, and a few 
years later he helped Wyland paint his 88th whaling 
wall mural in Destin, Fla. He went on to help paint 
four more. Wyland, who now boasts a Cook sleeve, 
inducted him into his Ocean Artists Society. 

Cook learned how to photograph sharks under the 
tutelage of pioneer Stuart Cove and participated in 
Cove’s early Shark Shootouts in the Bahamas. He took 

Hometown: Atlanta, Ga. 
Years Diving: 21
Favorite Destination: The Bahamas. I consider it my backyard. 
Why I’m a DAN Member: For the diving insurance, the continuing safety 
education and Alert Diver magazine — I love the quality and enjoy the articles 
on imaging. [Note: Cook won Alert Diver’s 2013 Ocean Views Photo Contest.]

DEANO COOK
By Michael Menduno
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several of Stephen Frink’s master classes and also 
worked with shark conservationist and underwater 
image-maker Jim Abernethy. “If it were up to me, 
every dive would be a shark dive,” Cook said. “They’re 
my spirit animal, if there is such a thing. I love them 
and have adopted their plight as a cause of great 
personal interest.”

When he’s not on a dive trip, Cook works from his 
shop in Marietta, Ga. He tattoos only one client a day 
and is typically booked a month in advance. More 
than half of his clients are from out of state. Many, like 
shark advocate and videographer Jillian Morris Brake, 
return periodically for Cook to complete or expand on 
their tattoos.

Brake met Cook a decade ago through Wyland 
and felt an immediate connection. To date she has 
invested 26 hours in the exquisite great hammerhead 
that covers her back. “Deano has captured my life 
and passion in art,” she explained. “He is connected 
with the ocean and with these animals. It’s a special 
bond that we share.” 

Brake’s hammerhead, a work in progress, is 
imbued with an energy that makes it look almost 
alive. “Anyone can paint a hammerhead, but to 
convey the movement and the story of that animal 
takes someone who knows sharks,” she said. “It’s 
more than just a tattoo.”

Perhaps the power of Cook’s work is what the 
19th-century French artist Edgar Degas had in mind 
when he suggested that art is not what you see but 
what you make others see. Of that Cook is acutely 
aware. “I try to raise awareness and stimulate 
conversations about the ocean as a purposeful, 
mindful endeavor through my work,” he said. “If as a 
result I change the hearts and minds of a few people, 
that’s great.” AD

Tattoo artist Deano 
Cook is also an 
accomplished painter 
and underwater 
photographer. He 
is an enthusiastic 
observer of marine 
life who likes to take 
his art “from sea to 
skin.” In the bottom 
photo, Cook refines 
his tattoo on Jillian 
Brake’s back.

FOR MORE INFORMATION
To see more of Cook’s work, check out DeanoCook.com 
or @deanocook on Instagram.
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PUBLIC SAFETY ANNOUNCEMENT

D
ive professionals 
are critically 
important to 
enhancing safety 

in the dive community. 
For this reason, DAN® has 
created a new Professional 
Membership program, which is now available to 
dive leaders, instructors, owners and operators. The 
program features a variety of products and services 
designed to protect these professionals as well as 
their students, staff and businesses.

PREPARED DIVER PROGRAM
All DAN Professional Members now have access to the 
Prepared Diver program, a video-based course created 
specifically to address the five leading preventable 
factors in diver injury and death. Prepared Diver 
complements all entry-level and refresher courses and 
provides additional insight into the science underlying 
fundamental diving skills. 

STUDENT MEDICAL INSURANCE COVERAGE
At no cost to the professional or student, this 
new insurance program provides up to $25,000 
in coverage for medical expenses for injuries that 
occur during entry-level courses. 

RISK-MITIGATION RESOURCES
Risk will always exist; how you plan for and react to 
it is what matters. As your dive safety association, 
DAN has a responsibility to provide Professional 
Members with the education and services required 
to mitigate the risks and reduce the liabilities 
associated with diving

DIVE SAFETY PUBLICATIONS AND RESOURCES
DAN Professional Members have access to an 
extensive collection of resources, including 
scientific studies, workshop proceedings and 
reports, and analysis of diving incidents and 
fatalities. DAN also offers its suite of first-aid 
training programs, now delivered via a new 
eLearning platform.  

To learn more about this program, email 
ProfessionalMember@DAN.org.

CARDIOVASCULAR 
RISK FACTORS

H
eart disease is the leading cause 
of death in the United States, 
responsible for approximately one 
in every four deaths. It is also 

one of the leading causes of scuba diving 
deaths, with about one-third of all diving 
fatalities associated with acute cardiac 
events. Because the health of your heart 
and circulatory system are essential to 
your safety while scuba diving, take time 
to learn more about your cardiovascular 
risk factors.

HYPERTENSION
Thirteen percent of deaths caused by 
cardiovascular disease can be attributed 
to hypertension (high blood pressure). 
The first number of your blood pressure, 
the systolic pressure, should be below 
120 mmHG. Every mmHG above 120 
raises your risk of premature death. 
As long as your blood pressure is 
under control, the relevant dive-fitness 
concerns are hypertension-related organ 
damage and the side effects of any 
blood pressure medications. 

SMOKING
Smoking is the single most deadly 
preventable cardiovascular risk factor. 
It increases your risk for coronary heart 
disease, peripheral vascular disease, 
stroke, sudden cardiac death, cancer 
and other conditions. It affects your 
breathing and exercise tolerance, 
increases your blood pressure and lipid 
levels and can result in sustained, low-
level inflammation that causes your 
cardiovascular system to deteriorate. 

HYPERLIPIDEMIA
Cholesterol, a lipid found in the blood 
and all the body’s cells, does not 

dissolve in blood by itself and must 
be combined with proteins to form 
low-density lipoprotein (LDL) and high-
density lipoprotein (HDL). Too much LDL 
leads to narrowing and stiffening of the 
arteries and can as much as double 
your 10-year risk of dying. Working with 
your physician, aim to maintain a total 
cholesterol of 200 mg/dL or lower and 
an LDL of 100 mg/dL or lower.

INACTIVITY
Regular exercise helps maintain health 
and capacity for sustained exercise, 
both of which are necessary to keep 
you safe in the water. Inactive people 
are nearly twice as likely to develop 
heart disease. To protect your heart, 
exercise for at least 30 minutes a day, 
five days a week. To increase your 
exercise capacity, exercise more often 
and more vigorously. If you are currently 
sedentary, consult your physician before 
you begin exercising. 

OBESITY
Obesity can lead to increased blood 
pressure, blood glucose and lipid levels 
and can result in other conditions. 
Abdominal obesity (a waist circumference 
of 40 inches or more for men or 35 inches 
or more for women) carries the greatest 
risk. Obese divers may also have difficulty 
with buoyancy control and may exert 
themselves more while diving, which puts 
extra strain on the heart. 

The presence of these risk factors 
does not guarantee that you will 
develop cardiovascular disease, but 
the more risk factors you have, the 
more vulnerable you are. For more 
information, visit DAN.org/Health. 
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TRAVEL SMARTER

S
afety-conscious divers educate themselves about the risks and hazards associated 
with diving. But divers are also travelers, so it is also important to learn about 
travel-related medical conditions. 

One such condition is deep vein thrombosis (DVT). DVT occurs when a blood 
clot (a “thrombus”) forms in one or more of the body’s deep veins, usually in the legs. If a 
clot breaks free and travels through the circulatory system, it can lead to life-threatening 
conditions such as pulmonary embolism or stroke. 

RISK FACTORS
Most cases of DVT occur in people with preexisting risk factors who remain motionless for 
long periods of time, as is common during travel. While travel-related DVT is rare in the 
general population (the prevalence among passengers on commercial flights lasting more 
than eight hours is between 0.3 and 0.5 percent), factors that put travelers at additional 
risk include age (increasing risk after age 40), obesity, estrogen use, recent or current 
pregnancy, thrombophilia, personal or family history of DVT, active cancer, serious illness, 
recent surgery, limited mobility, central venous catheterization and significantly above- or 
below-average height. 

SYMPTOMS
In about half of all DVT cases, the affected individual experiences no symptoms before the 
onset of the condition. When symptoms do occur they most often begin in the calf and may 
include the following:

• swelling in the affected leg, ankle or foot
• pain in the calf that spreads to the ankle or foot
• warmth in the affected area
• change in skin color to pale, red or blue

Many cases of DVT involve no symptoms and resolve on their own. 

PREVENTION
Whether you’re driving or flying, if you intend to be seated for long periods, make sure to get 
up periodically and stretch your legs. If you know you are at an increased risk for DVT, wear 
compression socks and consult with your doctor about taking medication to prevent clots.

If you develop DVT, refrain from diving during the acute phase of the condition or while 
you are taking anticoagulants. It may be possible to return to diving, but you should first 
consult with a doctor trained in dive medicine.

For more information, visit DAN.org/Health.

DEEP VEIN THROMBOSIS
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I
’m not sure how far off Palm Beach, Fla., we 
are when the engines slip into neutral and a big 
inflatable ball dangling 40 feet of line trimmed 
with lights disappears into the night. I guess it’s 
about four or five miles, and if Captain Dean’s 
calculations are right, we’re positioned near the 

ever-shifting edge of the Gulf Stream where marine life 
congregates. While the idling boat gently bobs, a dozen 
fidgety divers sit lined along benches in full gear, waiting 
for the signal to bail out of the back like paratroopers.  

First off the deck, Anna and I make a beeline for 
the glowing down line — our mother ship for the 

next hour and a half as we drift in the little-known 
universe of larval sea life, the great oceanic diaspora 
of the externally fertilized offspring of reef fishes and 
invertebrates. The few survivors of the multiweek 
metamorphosis eventually settle to the seafloor, where 
they develop into their final adult forms.

Within minutes everyone is underwater and caught in 
the imperceptible grip of a three- to four-knot current 
that will carry us eight miles north by dive’s end. In 
the interim we’re adjusting lights and acclimating our 
eyes to a hazy ocean liberally flecked with organic 
detritus known as marine snow. This is no game for 

NIGHT DRIFTERS
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ENCOUNTERS

By Ned and Anna DeLoach

Above: Larval flounder
Opposite page, clockwise from 

top left: Larval moray eel, larval 
lookdown, larval pancake batfish

N
ED

 D
EL

O
AC

H



slackers; larval fish are small, fast, erratic and tricky to 
track down in a featureless ocean. But when you find a 
jaw-dropping and possibly never-before-photographed 
animal, the thrill is as exhilarating as hooking a giant 
sailfish — although the “sailfish” we find in our watery 
fairyland can fit in the palm of your hand. 

In less than 10 minutes Anna is spotlighting a larval 
flounder that was drawn to her handlight like a moth 
to a flame. Not knowing its behavior, I hold back and 
watch one of the fanciest fish I’ve ever seen flutter in her 
beam before flopping onto its side like a dead leaf. As I 
inch closer, the fish rights itself and sails away. I’m close 
behind, attempting to work my way alongside, focusing, 
framing and hoping it will slow or turn back on itself. 
Unsure how far I’ve traveled, I glance around, locate the 
down line and turn back. The fish is gone. 

I spiral, sweeping my light in a circle. Somehow 
the beam catches a flicker of fins heading toward the 
surface. I’m after it and only catch up when the fish 
comes to a halt indignantly facing in the opposite 
direction. I slip to its left, but the fish slips right. I pivot 
right, it tacks left, flashing its tail in my face as it speeds 
away. In fits and starts the chase continues until the 
larva slows, makes an about face and swims toward me 
at a leisurely pace. “Steady, steady,” I coach myself as the 
flounder passes within a hand’s width, fins flying. 

All it took was that one outrageous larval fish, and 
Anna and I are hooked just like our South Florida 
colleagues, who seldom, if ever, miss a scheduled night 
drift. The majority are veteran Blue Heron Bridge 
shooters — naturalists to the core and well-versed in the 

trials and rewards of wildlife photography. As a group 
they have taken to night drifts like ducks to water, but 
they were not the first to fall under the spell of offshore 
larvae. By the time the Florida folks made their first drift 
two years ago, divers in Hawaii had been photographing 
larval fish at night for 20 years. Inspired by legendary 
underwater photographer Chris Newbert, their night 
drifts, known in the islands as blackwater diving, 
introduced larval art to the world. Our Florida friends 
are happily carrying on the tradition 5,000 miles away.

Back on board, the boat is buzzing. Images of 
unfamiliar animals attract the biggest crowds around 
glowing camera screens. As you might expect, “What 
is it?” is the most frequently asked question in a world 
where crabs don’t look like crabs, and fish appear as 
illusions. Photos of unidentified animals are forwarded 
to two gentlemen half a world away who acquired their 
taxonomic expertise cataloguing morphological sketches 
of specimens swept up in plankton tows.

Scientific understanding of the oceanic orphanage 
has been transformed in the past 15 years. It is no 
longer thought to be an exclusively open system, 
randomly transporting passive larvae to distant shores. 
Recent studies have shown larval fishes to be strong 
swimmers with sophisticated instincts for remaining 
in local waters. But exactly where they go between 
spawning and settlement remains a mystery. Meanwhile, 
underwater photographers from Florida, Hawaii and 
beyond are adding bits of understanding to the sea of 
knowledge whose currents sweep us all along like night 
drifters, having the time of our lives. AD
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DIVE 
FITNESS

C
ore stability is vital for sports, activities of 
daily living, functional independence as we 
age and, you guessed it, scuba diving. So 
what do fitness gurus and your friends at 
the gym mean when they refer to the core? 

They are talking about the musculature that surrounds the 
stomach: the abdominals, obliques and lower back. 

Core strength has a host of benefits. A stronger 
midsection allows you to approach the physical 
challenges of scuba diving and other weight-bearing 
activities with more force. It enables the body to better 
withstand the jarring external forces that are common 
on a rocking boat. A strong core means increased 
stability for balance and transitional movements such 
as maneuvering on land in scuba gear. Finally, and 
perhaps most important, a strong core reduces risk of 
injury. Many people work out their arms and legs, but 
a weak link in the center of your body increases the 
likelihood that an injury will take place there. A weak 
or inactive core is a common cause of lower-back pain. 

Out of the water, core stability is important for gear 
setup and transport, moving around on a rocking boat 
and simply standing from a seated position to embark 
on a journey through the deep. A strong midsection 
allows your body to safely and effectively oppose these 
external forces without suffering debilitating effects. 

In the underwater realm, your core takes on a whole 
new level of importance. The core muscles serve as the 
foundation upon which movement occurs. The abs 
stabilize the pelvis to allow us divers to propel ourselves 
through the water. Strong abdominals are essential to 
efficient finning. Weak abdominals lead to lower-back pain.

Now we’ll dive into some of the best core exercises 
specifically for underwater adventurers. Most people, 
when thinking of core exercises, go right to sit-ups. But 
there are many ways to strengthen your core without 
doing a single sit-up.

CHAIR POSE
1. Start standing with your 

feet shoulder width 
apart and parallel.

2. Once your feet are 
positioned, stop 
looking at them, 
and stand with good 
posture.

3. Sit back, shifting your 
weight onto your heels 
while raising your arms.

4. Focus your eyes forward 
or slightly downward.

5. Raise your arms, 
reaching your fingers 
toward the sky.

6. Draw in your belly 
button, continuing to breathe while holding it. (This is 
one of the most important aspects of the movement.)

7. Begin holding for 5 seconds, and work up to 30 seconds.
8. Repeat five times.

Tips:
1. Relax your neck.
2. Keep your chest up and your eyes down.
3. Keep breathing.
Challenge: Try to slide your feet closer together. 

BRIDGES
1. Begin by laying on your back with your knees bent 

and your fleet flat on the floor.
2. Flatten your lower back to the floor. 

By Jessica B. Adams, Ph.D., 
and Matthew DelTufo, D.P.T.
Photos by Stephen Frink

NO SIT-UPS, 
NO PROBLEM
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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.

3. While maintaining this position, lift your hips until 
your body is in a straight line from your knees to 
your shoulder blades.

4. Begin holding for 5 seconds, and work up to  
30 seconds.

5. Repeat 10 times.

Tip: Squeeze your glutes (butt muscles), and continue to 
breathe.
Challenge: Try to squeeze a pillow between your 
knees while you hold the bridge position (the natural 
tendency is for your knees to splay outward). 

SINGLE LEG STANDING
1. Begin with good neutral posture and your feet 

shoulder width apart. (It’s a good idea to start near a 
wall in case you lose your balance.)

2. Transfer your weight onto your dominant foot.
3. Slowly flex your hip and knee, picking up your 

nondominant foot off the ground.
4. The goal is to flex your hip until your thigh is parallel 

to the floor, and hold your knee with your hands. 
Just raising your foot an inch or two from the floor, 
however, will activate your core. So pay attention to 
your body, and work where you are comfortable.

5. Hold for 5-30 seconds (depending on your balance).
6. Repeat on the opposite side.
7. Repeat five times.

Tips:
1. Keep your chest up.
2. Keep your shoulders back.
3. Focus on a specific, stationary spot.
4. Standing on a hard surface is easier.
5. If you start to lose your balance, put your foot down 

on the floor.
Challenge: Keep your knee up without using your hands. 

FLAT BACK
1. Begin with good neutral posture and your feet 

shoulder width apart.
2. Fold forward at your waist, allowing your arms to 

dangle toward your toes, and relax.
3. Bend your knees 

slightly, and 
extend through 
your back so that 
your hands hang 
at knee level.

4. Squeeze together 
your shoulder 
blades, and 
contract your 
belly button 
toward your 
spine. Your back 
should be flat like 
a table top. Your 
head and neck 
should be in a 
neutral position, 
with your eyes focused slightly in front of you.

5. Hold for 5-10 seconds while continuing to breathe.
6. Release back into a forward fold.
7. Repeat 10 times.

Tip: Focus on squeezing your shoulder blades and 
preventing your tummy from sagging.
Challenge: Increase the duration of the hold to  
30 seconds.

If you follow the exercises listed above, you will be on 
your way to a rock solid core — without doing a single sit-
up. Enjoy your newfound strength, and continue on your 
journey through the water uninterrupted by injury. AD
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Rebreather diver Josh Dykeman 
swims through “the jet” for the 
first time a few months after it 

was sunk in Dutch Springs as a 
new underwater attraction. 

I first visited Dutch Springs nine years ago and 
was immediately in awe of this landlocked gem. 
On an average weekend hundreds of divers from 
surrounding states and beyond venture to this 
Disneyland for diving. It’s located in Pennsylvania, 
which is well known for its sports teams, Amish 

country and Hershey’s chocolate. The quaint city of 
Bethlehem, where Dutch Springs is situated, is a former 
steel manufacturing center and was the largest producer 
of ships during World War I and World War II. Now 
Bethlehem is known as a Northeast diving hotspot.  

In 1935 the National Portland Cement Co. began 
mining limestone from the quarry for use in cement 
production. Pumps kept water from flooding the quarry. 
Through the 1970s the quarry continued to produce 
limestone, but when the company went out of business 
the pumps were turned off and water rose, creating the 
50-acre freshwater lake now known as Dutch Springs.  

In 1980 Dutch Springs was purchased and made into 
a scuba diving facility. Today the quarry has grown in 
popularity and has dozens of underwater attractions as 
well as an aquatic recreation area and a rock-climbing 
wall. With a maximum depth of 100 feet, the quarry is an 
excellent facility for dive training and a reliable place to get 
underwater when boats can’t get offshore due to weather. 

Around 30,000 divers visit Dutch Springs every year, 
and on a typical weekend it’s common to meet people 
from all over Pennsylvania as well as New York, New 
Jersey, Connecticut, Delaware, Maryland, West Virginia, 
Massachusetts, Virginia and even Canada. Groups of 
friends, dive clubs and dive shops commonly set up tents 
around picnic tables and spend entire weekends here. 
These giant social gatherings include events, workshops, 
camping and cookouts. You’ll see recreational divers, 
technical divers, rebreather divers, photographers, divers 
with propulsion vehicles, and even freedivers working on 
skills and enjoying the surroundings. 

The sight of the still water around sunrise, as a light 
mist rises off the surface, is unforgettable. The water 
temperature in the summer is typically in the high 70s (°F) 
from the surface to the platforms at 25 feet. A little deeper 
is a thermocline, beneath which the temperature varies 
but is typically in the mid-50s (°F) during the summer. The 
visibility also varies; it averages 30-40 feet but can be as 
good as 50-60 feet in the winter months when the water is 
cooler and algae blooms aren’t present. 

DUTCH SPRINGS 
Text and photos by Becky Schott
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SIGHTS
Among the attractions found underwater are a 
school bus, a crane, several boats, a fire truck, a 
tanker, old cars and several planes, all of which lie 
at depths between 20 and 100 feet. A jet, added in 
2016, is suspended at around 30-40 feet so divers can 
visit it and stay off the silty bottom. Being suspended 
also makes the jet look like it’s flying through the 
water; it’s a fun swim-through and a great subject 
for underwater photographers. The jet replaced a 
helicopter that had been suspended at the spot for 
years but had begun to deteriorate; it was moved to 
another location close to the old pump house.  

In addition to enjoying the sunken attractions, 
divers can spend hours diving along the pretty 
rock walls around the quarry, following the old 
roads past trees and telephone poles to the sunken 
dynamite shack or visiting the pump house that 
used to keep the water out of the quarry. The water 
has a lot of beautiful vegetation and several species 
of fish, including koi, rainbow trout and largemouth 
bass. The koi are a little shy and usually hang out 
around the staircase near the pump house. 

Many of the attractions can be explored using 
established routes, and yellow ropes lead from 
the submerged platforms down to some of the 
more popular sights. Other attractions such as the 
trolley, the Army truck and the Helldiver plane 
are not marked, so good compass skills are useful 
for finding and exploring them. Several floating 
docks and submerged platforms are accessible 
from shore and are great for practicing skills and 
keeping classes off the bottom. These objects are 
all marked on the surface by floating balls that can 
easily be seen from shore. 

One of my favorite parts of the quarry is the 
island in the middle near the peninsula side. 
It starts at 60 feet, and its top is usually only a 
few feet underwater. It can be seen from shore, 
especially when the water is really clear. A Cessna 
airplane sits on the edge of the island at 25 feet 
and is a great spot for photography. There is also 
a lot of plant life and young bass that hide in the 
rocks around the area. From the plane, divers can 
head straight to the crane or the bus or take a 
longer swim out to the tanker. 

Twice a year, on Memorial Day and Labor Day, 
the North East Diving Equipment Group sets up 
on the “student side” of the quarry in about 5-20 
feet of water and gives the public the opportunity 
to try diving with hard hats. They bring different 

From top: A diver walks down to one of several of Dutch Springs’ 
floating docks. The jet is suspended in 30 feet of water; from the 
bottom it looks like it’s still soaring. Many fish species, including 
these bass, live in the quarry. The school bus is a popular 
attraction; yellow ropes guide divers from it to other attractions, 
including a fire truck and a Cessna aircraft. 



HOW TO DIVE IT
Getting There
Located at 4733 Hanoverville Road in Bethlehem, Pa., Dutch Springs is open on 
weekends from April through November and every day from Memorial Day through Labor 
Day weekend. Check the schedule at DutchSprings.com. Plenty of parking is available, 
but it’s best to get there when the facility opens to get a good spot. 

Conditions
Water temperatures can vary from low 40s (°F) in the spring and 50s (°F) on the bottom 
to the 70s (°F) in the shallows in the summer. A thick 7 mm wetsuit with gloves and a 
hood or a drysuit are recommended. Visibility can range from 15-60 feet depending on 
the time of year, amount of rain and number of divers there.  

Topside
The AquaPark is a favorite of families. Open Memorial Day through Labor Day, the park 
has all kinds of aquatic toys to climb on, jump off of or slide from. The blob is the most 
fun — I had to try it myself this summer, and I’ve never laughed so hard as I was 
propelled into the air. Dutch Springs truly has something for everyone who enjoys being 
on or under the water. 
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ones that they’ve restored and guide anyone who is scuba certified in 
donning a Mark V helmet or a more modern Kirby Morgan SuperLite 27. 
It’s a unique experience conducted by a dedicated and fun group of people. 
Divers come from all over the world during those two weekends just to 
experience diving with a military or commercial diving helmet or vintage 
scuba equipment as seen in movies. 

Divers traveling from out of town can either camp at the quarry for an 
additional fee or stay at one of several hotels in the area that give nightly 
discounts to those diving at Dutch. On site is an air filling station, a large 
concession building, clean bathrooms and showers. There are also grills and 
pavilions available for private events, demonstrations or workshops. 

The popularity of Dutch Springs is evident when you see the number 
of people there on a typical weekend. There is a huge sense of community 
among the divers who gather from all over the Northeast and beyond. 
This once-active limestone quarry that produced the cement that built the 
foundations of Bethlehem is now a place that builds the foundations of 
friendships. AD
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L IFE 
AQUATIC

T
here are more than 60 different 
species of conch (pronounced “konk”) 
in our oceans. The queen conch, 
Lobatus gigas, is the most common 
and economically important in the 
Caribbean. Queen conch dwell in 

warm, shallow waters from Florida and Bermuda to 
Brazil and have permeated Caribbean culture and 
cuisine like few other animals. Most people are familiar 
with their beautiful pink shells — iconic symbols of 
the Caribbean and tropical places everywhere — that 
appear ubiquitously in the form of tourist trinkets, old-
time ship horns, building decorations, jewelry and in a 
prominent place on the Bahamian coat of arms.

When I moved to the Bahamas in 2012, I didn’t 
know much about the mollusks found within these 
shells, but they are even more fascinating when you 
look under the hood. 

CONCH ANATOMY
When you look under a conch’s shell for the first 
time, it can be difficult to tell what is what. Conch 
are so different from other animals it’s hard to relate, 
but they do have eyes, a nose (sort of), a mouth and a 
single foot. The mouth, which is at the end of a tube, 
has a tongue that’s used for scraping algae off sea 
grass blades. A conch’s two eyes are on the ends of 
long stalks, and just in front of each eye is a little 
antenna sensory receptor. Amazingly, conch are 
capable of regenerating a lost eye. Conch create 
their pink shells using calcium and carbonate ions 
from seawater. The shells are so tough they can be 
used to make cement harder. Conch have a single 
foot they can use to lunge or “hop” along the bottom. 
They are not exactly quick, which means they’re quite 
easy for divers and freedivers to catch.

CONCH LIFE CYCLE
Conch hatch from egg masses after three to five days 
and begin their life floating as planktonic larvae (called 
veligers) in the currents of the open ocean before 
settling on the bottom. Once settled they go through 
a metamorphosis and bury under the sand, emerging 

a year later as 1- to 2-inch-long animals. The shell 
grows in a spiral and increases in size for about four 
years, after which time the conch reaches its adult size. 
At this point the conch shell begins to flare outward, 
creating a thicker and thicker lip. The adult conch 
will be ready to mate when the lip is about a half inch 
thick. Females lay 300,000 to 500,000 eggs annually 
between April and September. Conch can live for more 
than 20 years if not disturbed.

Because of the plankton stage of the animal’s life 
cycle and other factors, farming conch is extremely 
difficult and expensive. So far only one large-scale 
commercial conch farm (located in the Turks and 
Caicos) has been tried, but it was never profitable. It 
still exists today, mainly as a tourist attraction.

CONCH CULTURE
“If you a Bahamian and you see a conch and don’t take 
it, you crazy,” dive boat captain and former commercial 
fisherman Sidney Brown said to me after I surfaced 
from a dive where a large conch was hopping around. 
There is an obsession with finding and taking conch in 
the Bahamas. 

The latest figures, from 2013, estimate that more 
than $5 million was generated by conch fisheries 

annually — a difficult 
number to arrive at 
given the prevalence 
of tiny, independent 
merchants. Conch is 

Opposite: A queen conch peers out of its shell.

Below, from top: Conch salad and Kalik beer are 
indispensable staples of life in the Bahamas.  

A Bahamian fisherman removes a conch from its 
shell in preparation for tenderizing the meat to 

make cracked conch or conch salad.

Text and photos by Shane Gross
CONCH 
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the national food of the Bahamas and is considered a 
must-try for visitors. It is typically served either raw in 
a salad with citrus juices, fruits and veggies or fried as 
fritters or “cracked conch.” 

Usually the shells are discarded onto massive piles 
called middens, but they may also be used to make 
jewelry, Christmas ornaments and other trinkets. The 
shells are used extensively — they decorate walkways, 
they’re built into cement walls, they appear as table 
ornaments and much more.

 I was particularly enamored of a massive brass 
sculpture of a conch shell I saw on a billionaire’s 
private property. The individual’s economic status 
seems not to matter; the conch shell is a symbol of  
the Bahamas and its clear water, cool breezes and 
relaxed atmosphere. 

As a dive instructor and guide, I am careful to not 
touch the animals, but conch are one of the few I will 
pick up, turn over and give guests a peek at. I encourage 
them to feel the smooth underside of the shell before 

I place it back in its environment. Conch are beautiful 
to look at, touch, taste and even hear (there are many 
popular Bahamian songs written about conch, such as 
“Conch Ain’t Got No Bone”). I haven’t met anyone, 
however, who enjoys the raw smell of conch.

CONCH IN TROUBLE
Two major queen conch fisheries (Florida and 
Bermuda) collapsed in the 1970s and despite complete 
moratoriums have still not recovered. “If the conch 
fishery in the Bahamas is lost, it’s lost forever,” said 
Agnessa Lundy, marine science officer at the Bahamas 
National Trust. In 1992 conch were listed in Appendix II 
of the Convention on International Trade in Endangered 
Species of Wild Fauna and Flora (CITES) because nearly 
all Caribbean nations’ conch were severely overfished in 
the 1980s. Today only a few countries have significant 
enough populations to allow for commercial export.

Community Conch, a nonprofit conservation 
organization, along with the Shedd Aquarium in 
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Chicago, Ill., have taken surveys of middens over 
many years, and according to their chief scientist, 
Allan Stoner, Ph.D., “[T]he conch collected by fishers 
are younger than in decades past; approximately 80 
percent of the conch harvested in recent years were 
too young to reproduce.” Are conch numbers falling as 
a result? “In the last two years, only the Jumentos Cays 
had adult densities consistently above the threshold 
of 100 adults per hectare [the density recommended 
by the Queen Conch Expert Panel (CFRM, 2012) for a 
sustainable fishery],” he said. “We found the minimum 
threshold for mating to be 56 per hectare, and most of 
the surveys in historically important fishing grounds 
revealed densities substantially below that — from 5 or 
6 per hectare to 20 or 30.

“Conch populations in the Bahamas are overfished,” 
Stoner said, “and urgently need improved management.” 

CONCHSERVATION
In 2013 a national campaign began in the Bahamas to 
conserve conch for future generations. It was and is a 
joint effort between many conservation organizations, 
including the Bahamas National Trust, Bahamas Reef 
Environment Educational Foundation (BREEF), the 
Nature Conservancy, Community Conch, Friends of the 
Environment and others. They all recognize the need to 
conserve the declining population of queen conch, but 
the best way to do that seems to be unclear.

Some stakeholders suggest that a closed fishing 
season during spawning (April–September), similar to 
that of lobster and Nassau grouper, would help. Others 
say the key is to establish more marine protected areas 
(MPAs) in which conch are left alone for their entire life 
cycles. This seems to hold some water as conch surveys 
in marine parks revealed much higher densities than 
surveys outside the parks. It is likely that a combination 

of both tactics, among other measures, is needed. 
One thing everyone can agree on is the need for vast 
improvement in enforcement of existing laws. Today, 
Bahamian laws include a ban on harvesting while using 
scuba (which experts say should be expanded to include 
hookah — a common method for collecting conch and 
lobster), a ban on collection in MPAs, a limit of six 
conch per foreign vessel and export quotas. 

Perhaps the most important rule states that fishers 
are to take adult conch only, i.e., conch that have 
had a chance to reproduce. The law may not go far 
enough, however, stating only that a conch needs to 
have a “well-formed lip,” which according to Lundy 
“does not guarantee the conch is sexually mature — a 
much better measure is lip thickness, with 15 mm 
[approximately a half inch] being a good minimum.”  

What can we as divers, guides and travelers do? 
The most direct thing would be to abstain from eating 
conch altogether, but asking about the size and age 
of the conch you eat can help. Conservationists on 
the ground are campaigning for everyone to “Be Sure 
It’s Mature.” If conch vendors are pressured into 
sourcing only full-grown conch (as the often-ignored 
law requires), it would be a small victory in an area in 
which victories are needed. 

I suggest not limiting this standard to conch. If we 
educate ourselves about the conservation issues of 
the places we travel to we can make informed choices 
about what we eat and who we patronize. As the 
saying goes, “You vote with your wallet every day,” and 
what we purchase (or don’t) does make a difference. 

When I moved to the Bahamas I had no idea conch 
were in trouble — or how cool they are. I no longer 
look at conch and think only of food; I am amazed by 
them and always happy to see them hopping along on 
the seafloor. AD

From left: Fisherman load a pickup truck with a large 
catch of conch. They will crack the animals out of 
their shells at the roadside to sell to tourists and 
locals. Humans aren’t the only species that enjoys 
eating conch.
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Sandtiger sharks school off 
the coast of North Carolina.



W
hile 
walking 
down 
the dock 
after our 

last dive, I noticed the skin on 
my stomach was feeling itchy. I 
didn’t think anything of it other 
than sea lice might have gotten 
inside my wetsuit. I went back 
to the room to shower and get 
dressed for a picnic on the beach. 

We had been in Cuba for a 
week and had been diving for 
the past three days. I had done 
six dives, two per day, with 
similar profiles each day. They 
were all air dives between 60 
and 104 feet deep — nothing 
extraordinary (besides the 
pristine Cuban reefs and 
gorgeous swim-throughs). I 
was comfortable and relaxed 
throughout. My deepest dive was to 104 feet, and that 
was the first dive on the day I experienced symptoms. I 
went to 93 feet on the second dive that day and did a long 
safety stop for about 10 minutes. I felt fine on the surface 
but was sad that I had done my last dive of the trip.  

After I showered, my skin was still itching and what I 
believed to be a rash was developing; I thought I might 
be having an allergic reaction to whatever had “bitten” 
me. It didn’t seem serious though, so I got dressed and 
went to join my husband and the rest of our group at the 
picnic. When I got there I didn’t feel well, so I headed 
back to the room to lie down for a while. On my way I 
stopped at the first-aid clinic to see the doctor. 

There was a language barrier since I don’t speak 
Spanish, and I muddled my way through trying to 
explain what I was feeling. I showed the doctor the 
red and white marbling on my abdomen. The doctor 

suggested that my BC might have been too tight, and 
he recommended that I take acetaminophen, rest and 
wait to see if the symptoms would subside. 

I went to my room, took some Tylenol and lay down 
to rest. Though I was quite uncomfortable I eventually 
managed to sleep until my husband came to check on 
me two hours later. When I got out of bed I felt the 
itching sensation creep up to my breasts, and it was then 
that I first felt pain. Alarmed, I showed my husband my 
marbled skin, and he immediately said he thought it 

46  |  WINTER 2017

RESEARCH, EDUCATION & MEDICINE
DAN WAS THERE FOR ME

Skin 
Bends  
in Cuba
By Tricia Grimes

Although cutaneous DCS (“skin bends”) can be relatively minor, 
20 percent of DCS cases that involve skin manifestations also 
involve neurological symptoms such as blurred vision, dizziness or 
confusion. Whether or not there are obvious neurological symptoms, 
an evaluation by a physician trained in dive medicine is always 
recommended because some neurological symptoms can be subtle. 
(Note: The abdomen photo on the next page illustrates skin bends 
in general, not this incident in particular.)
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might be skin bends (cutaneous decompression sickness 
[DCS]). We decided to call DAN®.

Because we were in a remote area, cell-phone 
connectivity was problematic, and it took some time 
for the call to go through. Eventually we spoke to a 
DAN medical information specialist named Frances, 
who was great. My husband explained to her what was 
happening, and then she asked to speak directly to me. 

Frances listened attentively to the details of my dives, 
my symptoms and the recommendations of the doctor at 
the resort clinic. She said she believed I might indeed be 
suffering from DCS and told me to return to the clinic right 
away for a thorough neurological evaluation and to begin 
breathing pure oxygen. She also offered to coordinate a 
physician-to-physician consult in Spanish to assist the local 
physician with the evaluation. She let me know that there 
were hyperbaric chambers on nearby islands and that she 
would explore getting me an airlift if one was needed.

On the way back to the clinic we called out to our 
trip guide, who luckily was within earshot, and let 
him know what was going on. Quite concerned, he 
immediately agreed to go with us to interpret. Having 
an interpreter sped up the process, and I was on oxygen 
in a matter of minutes. The clinic was very sparse, 
and the administration of oxygen lasted around 30-
45 minutes. I felt better, and the symptoms subsided 
somewhat, so the doctor released me. I took it easy for 
the rest of the night and prepared for our five-hour bus 
ride back to Havana the next day. 

I had residual tenderness in my abdomen and what 
I describe simply as “a sensation” on my left side. I felt 
well enough to go into town and do some sightseeing 
in Havana on Saturday, but I shared with my dive 
buddies my concern about our scheduled flight home 
the next day. After the 30-minute flight from Havana to 
Miami, the tenderness in my abdomen was worse, and 
the long walk through the airport to our car was quite 
uncomfortable for me. 

The next morning I was in considerable pain, and my 
abdomen was swollen and disfigured. We called DAN, 
and again Frances was there for me. While she had me 
on the phone she called Mariners Hospital in Tavernier, 
Fla., which is the closest hyperbaric chamber facility to 
my home, and arranged for the chamber staff to meet 
me in the emergency room. I arrived at the ER and 
was taken back quickly, given oxygen and put through 
a series of tests to evaluate my condition. Despite me 
being four days postdive, the doctor decided to treat 
me in the chamber. I felt much better after the six-hour 
chamber treatment, though some abdominal soreness 
persisted for about a week.

Reflecting on the incident, I initially found it puzzling 
that of the 20 divers in our group I was the one who got 
DCS. I was one of the youngest, I have always stayed 
active and in shape, and I did not dive beyond any limits. 
But in the aftermath of the event I learned that the vast 
majority of DCS cases involve no identifiable causes or 
explanations (beyond time spent at depth). If I had to 
go through this all over again, next time I’d advocate for 
myself more forcefully. Breathing oxygen from a cylinder 
is not the definitive treatment for DCS, and the doctor’s 
insistence that my BCD was too tight did not adequately 
explain all of my symptoms. I probably would have called 
DAN sooner in the first place and again the day before 
I flew. I knew it wasn’t a good idea to get on that plane 
with symptoms, so I would have liked to discuss that 
with DAN before we departed.

I realize how fortunate I am that my DCS was not any 
worse, and I’m so grateful that my husband has ensured 
we’ve always been covered by DAN dive accident insurance 
since we began diving in 1998. Neither of us ever wanted 
to have to dial that 
number, but I’m 
sure glad DAN 
was there for us 
when we did. AD

SHARE YOUR STORY
Has DAN been there for you? 
Tell us about it at ThereForMe@dan.org. 
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Some of mankind’s most amazing civil-
engineering structures are underground 
tunnels and bridge foundations below 
the water table. During construction, 
the working spaces, or caissons, are 
pressurized with compressed air to 

keep out groundwater, and laborers (known as 
sandhogs) pass though pressure locks into and out of 
the caissons. In the 19th century, progress was rapid 
until the workers were afflicted with a mysterious 
condition called “caisson illness” when they returned 
to atmospheric pressure. The Brooklyn Bridge was 
completed before we learned how to prevent and treat 
the pain, paralysis and sometimes death due to what is 
now recognized as decompression sickness (DCS). 

Caissons are dug vertically into bedrock to support 
bridge abutments, while tunnels are horizontal and used 
for roads, railroads, subways, water and sewage. Tunnels, 
formerly dug by gangs of sandhogs using picks, shovels 
and explosives, are now dug by tunnel boring machines 
(TBMs), which have giant rotating cylinder heads with 
toothed “faces” that cut through rock and muck as the 
TBM is forced along. In favorable rock formations, only 
the space in front of the TBM face is pressurized, and it’s 
only occupied for maintenance and replacing teeth. This 
limits pressure exposure and vastly improves safety.

IMPROVED TUNNELING EFFICIENCY AND SAFETY 
When the 165-foot pressure limit for compressed air 
is exceeded, alternative gas mixes must be breathed 
to reduce the incidence of nitrogen narcosis, oxygen 
toxicity and DCS. TBMs can accomplish this with 
shorter working and decompression times. The 
foundation for these improvements was laid in the 
1960s when deep diving and decompression research 
expanded in response to the need for offshore oil, 
particularly with the Organization of the Petroleum 
Exporting Countries (OPEC) oil embargo of the 1970s. 

Saturation diving — in which divers remained at 
pressure for a day or more such that their bodies 
became equilibrated with the gas they breathed, 
and they could remain at depth without incurring 
additional decompression obligations — extended 

divers’ reach in depth and time to 1,000 feet of 
seawater (fsw) for weeks with few pressure-related 
injuries. Experience taught how heliox (helium-oxygen) 
and trimix (helium-nitrogen-oxygen) could be used 
at greater depths, how nitrox (nitrogen-oxygen) with 
more than 21 percent oxygen (oxygen-enriched air, 
or OEA) could be used at intermediate depths and 
how 100 percent oxygen could be used during shallow 
decompression. These techniques made for enormous 
improvements in productivity and safety.

Surface decompression (decanting) is another 
technique used widely in military and commercial diving 
to limit time in the water, where keeping warm is difficult. 
The diver remains at about 40 fsw before ascending to 
the surface in 1 minute, entering a deck decompression 
chamber (DDC), being pressurized back to 40 fsw 
in the DDC, breathing oxygen to clear inert gas and 
decompressing to the surface. Surface decompression 
is also useful in tunneling and caisson projects in which 
workers decant from an intermediate pressure of about 
18 pounds per square inch gauge (psig) or 40 fsw, dress 
comfortably, enter a DDC and are repressurized to 18 
pounds per square inch (psi) for decompression.

Another useful method developed in the 1960s and 
’70s was saturation-excursion diving, in which divers 
lived in an underwater habitat or DDC and made 
excursions to greater depths and then returned (with or 
without decompression stops) to the saturation depth. 
Decompression to the surface was postponed to a later 
day. For deep excursion depths, trimix might be used 
as the breathing gas with careful monitoring of the 
oxygen exposure history to avoid oxygen toxicity. 

TUNNELING AROUND THE WORLD
The use of mixed gases for higher-intervention-
pressure civil-engineering projects is more common 
in Europe and Asia than in the United States. Projects 
include deep shaft sinking at 4.8 bar (157 fsw) in the 
Netherlands, 5.8 bar (190 fsw) for subways in Russia 
and Seattle and 6.9 bar (225 fsw) in a Netherlands 
tunnel. The Western Scheldt tunnel project in the 
Netherlands used trimix at 4.8 bar (157 fsw) with 
saturation-excursion decompression. Mixed gases 

Caissons, Compressed-Air 
Work and Deep Tunneling
By David Kenyon, Glenn Butler and Richard Vann
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and higher intervention pressures have improved 
productivity with good safety records. 

There are many demands for air-pressurized caisson 
systems in Japan, especially for very deep and long 
tunnels in which new magnetic levitation trains will 
run between Tokyo and Nagoya. Recently begun, this 
work will require 10 or more years with pneumatic 
caissons every 18 to 25 miles for vertical support 
shafts. Although remotely operated excavators will 
perform the vertical caisson work, engineers must go 
inside the air-pressurized caissons once every day or 
two to maintain machinery.

WHAT MIGHT BE NEXT IN TUNNEL TECHNOLOGY? 
With the exception of mixed gases, deeper decompression 
tables intended for diving and a few saturation 
interventions, the caisson/tunnel industry in the United 
States has been reluctant to adopt the methods of deep 
diving technology that would likely improve intervention 
safety and productivity. Transferring these methods to 
tunnel work is technically and culturally challenging, 
because increased work time at higher pressures would 

require decompression times longer than the four hours 
under pressure permitted by existing union rules. But 
several new methods for improving tunnel construction 
are possible.

Constant oxygen partial pressure (PO2) decompression
Careful oxygen management during a hyperbaric 
exposure can help optimize decompression time. 
Commercial and military diving operations with heliox 
have taken advantage of higher PO2s while at pressure. 
During decompression, divers typically shift to air at a 
lower pressure and decompress on air thereafter. The 
PO2 at pressure, which is determined by the breathing 
equipment and length of the exposure, is typically 
1.1–1.4 bar at pressure but, for fire safety, not greater 
than 21 percent by volume during decompression. 
If no additional oxygen is added, the PO2 will drop 
proportionally to the pressure, and more decompression 
will be required, which is a significant disadvantage. But 
by using rebreathing equipment, oxygen may be added 
continuously during decompression to arrive at an 
optimal PO2, usually above 1.0 bar.  

Construction of tunnels and bridge foundations below the water table requires laborers (known as sandhogs) to work in pressurized 
environments to keep out the water. “Caisson disease” (decompression sickness) was first observed in these workers.
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The drawbacks of diving with rebreathers are 
requirements for multiple units, weight, awkwardness 
and accidental damage through “manhandling” within 
the lock or TBM. A hybrid approach would be to 
provide OEA (or mixed gas for deep dives) at pressure 
through an open-circuit mask or regulator mouthpiece. 
During decompression in the lock, workers would 
shift to a closed-circuit rebreather. A recirculating 
loop driven by a blower would condition the workers’ 
breathing gas (and the gas in the lock), remove carbon 
dioxide (CO2) and odors, maintain a constant PO2 and 
keep workers warm during decompression.

Replacing helium with crude neon
In 1972 scientists and engineers at Union Carbide’s 
Ocean Systems Inc. (OSI) perfected the use of neon 
as a replacement for helium in mid-range commercial 
diving to about 25 bar (815 fsw) and tested the concept 
in three open-water commercial dives to 640 fsw. 
Differences in decompression time between helium 
and neon were small, and a mixture of 33 percent neon 
(Ne), 33 percent helium (He) and 33 percent nitrogen 
(N2) appeared close to optimal for 160-250 fsw, with 
the oxygen (O2) percentage controlled during shallow 
decompression to avoid oxygen toxicity. Neon also has 
advantages over helium, including lower cost, warmer 
breathing gas, better drysuit thermal insulation and 
improved speech intelligibility.

As an economical alternative to the optimal mix, a 
lower grade of crude neon (50 percent Ne) containing N2 
and O2 might be used without going through the costly 
scrubbing process to eliminate the other component 
gases that are needed anyway. Gas companies would 

tune their stacks to create an economical flow of crude 
neon in a range of about 50 percent Ne, 25 percent N2, 20 
percent He and the balance O2 from the tail gas of their 
current “liquid air” distillation stacks. Once gas companies 
tuned their process for this economical mixture, special 
decompression tables would be developed.

Probabilistic decompression
Every dive profile has a finite DCS probability that can 
serve as a tool for comparing and selecting optimal 
decompression schedules. DCS probability also 
depends on factors such as thermal state and exercise 
that are very different between diving and compressed-
air work. Understanding these effects will require 
further study based on recorded pressure-time profiles 
and DCS outcomes. 

While there is no agreed-upon acceptable DCS 
probability, lower probabilities such as 0.025 percent 
are often considered appropriate for serious DCS 
such as paralysis, while 2 percent is more acceptable 
for joint pain. The lack of an absolute acceptable 
probability standard is addressed in the British concept 
of “as low as reasonably practicable” (ALARP). Since 
absolute elimination of DCS cannot be guaranteed, 
ALARP does not impose requirements that cannot be 
fulfilled, although preventive and protective actions 
appropriate to the risks are expected when possible. 

CONCLUSION
Further progress in tunneling technology through the 
application of advancements in diving research may  
be achievable. How long this might take remains to  
be seen. AD

Above: Sandhogs inspect a tunnel boring 
machine (TBM) cutting face. 
 Left: The pressure chambers behind the 
TBM allow access to the cutting face for 
changing cutting tools and other work.
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W
ith no indication that 
anything would go wrong, 
my freediving partner 
descended out of sight. 
His float line was all that 
remained to let me know 

he had been there. The minutes that followed were 
a reminder that no one is exempt from the risks 
associated with freediving. 

Having grown up in the Florida Keys, I’m no 
stranger to the ocean. Being in the water comes as 
naturally to me as breathing. I was a competitive 
swimmer, and my dad and I have been freediving 
together my whole life. Two years ago I had the 
opportunity to attend a Performance Freediving 
International freediver course taught by Ashley and 
Ren Chapman of Evolve Freediving. My father even 

wrote an article about our experience for Alert Diver 
(see Member to Member, Spring 2015).

  It would be a complete understatement to say 
that this training changed the way I dive and think 
about diving. My dad and I recognized how risky our 
freediving protocols had been (we had a buddy system 
that amounted to “same ocean, same time”). We hadn’t 
truly understood the implications of the hazards 
involved, especially shallow-water blackout. After taking 
the class, safety was the priority every time we dived. 
Following that first freediver course, I completed an 
intermediate course with Evolve Freediving and have 
trained with Ted Harty of Immersion Freediving on 
several occasions. The material covered and quality of 
instruction in both programs is first rate. 

Although training emphasizes the theoretical 
aspects of safe freediving, sometimes it takes real-
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Cody Wagner practices protecting the 
airway during a shallow-water-blackout 

drill in the pool with his father.
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A Rude Awakening
By Cody Wagner



world experience to really make it 
sink in. For me that revelation came 
during a recent spearfishing trip. 
I was invited out on a coworker’s 
boat with him and his two sons. 
It was a routine trip for us to the 
50- to 60-foot reef off Palm Beach, 
Fla. Conditions were great: The 
current was slack, and visibility was 
top to bottom. We dived in a three-
man rotation with a designated 
boat operator. After a few hours of 
diving and a couple of nice fish in 
the cooler, we decided to move to a 
stretch of artificial reefs in the 85- 
to 90-foot range. 

The conditions were nearly the 
same, but the increase in depth 
warranted the use of a float line 
so we could track each other. 
Each of us had made a handful 
of drops with no issues when my 
coworker’s 16-year-old son made 
his last dive of the day. It was a 
dive that he had already made a 
few times that day, but as soon as 
he surfaced at the end of his dive 
I knew something was different. 
His lips were bright blue. He 
took a couple of breaths before 
he stopped breathing and began 
convulsing — a loss of motor 
control known to freedivers as 
a “samba.” By the time I reached 
out to grab him, he had blacked 
out and slumped forward in the 
water. I immediately floated him 
on his back to protect his airway, 
removed his mask and attempted 
to promote the resumption of 
spontaneous breathing as I had 
been trained. Almost immediately 
he began to breathe again, and he 
slowly regained consciousness. 

The boat ride home was mostly 
silent, each of us immersed in our 
own reflections about what might 
have been. My coworker’s son clearly 
experienced a dawning realization 
that he was not bulletproof, a 
stripping away of the all-too-
common idea among freedivers that 

the hazards of the sport are dangers 
only to novice divers or are brought 
on by extreme circumstances. By 
the time the boat reached the inlet, 
the gravity of the situation had really 
sunk in. Astonished, the young man 
stated out loud that if he had been 
diving alone he would be dead. In 
lieu of a response that might have 
been a bit more comforting, I went 
with the hard truth: “Yes. Yes, you 
would be dead.” 

I had already been humbled by 
similar events: blacking out during 
static apnea and experiencing a 
samba during a line dive session in 
training. These events were enough 
to change almost every aspect of 
the way I dive, from gear selection 
to how my partners and I rotate. 
It was also enough to make sure 
that there is always dialogue with 
my partners about what to do in 
the event of a blackout or samba. I 
always tried to practice safety while 
spearfishing, but I did not always 
make it the top priority. 

This event, however, happened 
in the real world. When I had 
blacked out, it was in a controlled 
environment, relatively speaking, 
and I was pushing myself to the 
limit because I knew trained 
professionals were there to assist 
me. When I blacked out I did not 
go through the emotions we all felt 
this day. 

Enlightened by these events, we 
began by running through different 
safety scenarios in the water on 
our next trip. It was a great way to 
switch the focus from spearfishing 
as an overarching objective to 
safety first and hunting second. 
Everyone dived better that trip, 
which I attribute directly to our 
safety session. In a sport largely 
affected by mental disposition, 
the peace of mind from knowing 
that your partners are capable of 
being there for you in a pinch is an 
immeasurable asset. AD
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W
ith expertise lying at the 
intersection of human 
physiology, genetics and the 
underwater environment, 
Ingrid Eftedal, Ph.D., studies 
the genetic and molecular 

mechanisms involved in the body’s responses to diving. 
A research scientist at the Department of Circulation 
and Medical Imaging at the Norwegian University of 
Science and Technology (NTNU), Eftedal’s diverse 
background includes work in molecular biology, 
forensic genetics, civil engineering, biophysics and 
medical technology. 

Early in her career, Eftedal worked on the development 
of software control systems for small pressure chambers. 
The impact of the 1986 Chernobyl accident on northern 
parts of Norway influenced her doctoral research, 
which examined the interactions between radiation 
and living cells. Eftedal’s doctoral work aimed to better 
understand how certain enzymes were able to prioritize 
repair of the most important parts of genetic material. 
Her work has since evolved into finding ways to better 
understand how specific stressors in diving — such as 
hypoxia, immersion and bubble formation — affect the 
expression of genes. 

She now studies the interactions between genes and 
the environment that result from the body’s response and 
acclimatization to diving. These interactions manifest as 
changes in gene expression (i.e., state of activity). Injury 
can occur in the diving environment because the body 
responds either inadequately or excessively to stressors. 
But not all changes in gene expression are bad. Some are 
adaptive and help the body maintain balance, increasing its 
resistance to damage or improving its ability to repair itself. 

Dive safety has improved with the development 
of better equipment, procedures, education and 
awareness, but much remains to be learned about 
divers’ risk of decompression sickness (DCS). In 
her current fitness-to-dive project, Eftedal focuses 

specifically on changes in immune-system cells. 
She aims to determine which cells are affected by 
diving, study the activity of genes within those cells 
and examine the outcome of those changes to better 
understand what is happening during breath-hold and 
compressed-gas diving. 

Eftedal’s goal is to distinguish between normal 
physiological responses and diving-related disease 
pathways. She was recently awarded the 2016 R.W.  
“Bill” Hamilton Scholarship, funded by the DAN 
Foundation and administered by the Women Divers 
Hall of Fame, to support her research on working 
saturation divers. We appreciate her willingness to talk 
with us about her research.
 
How can gene expression help us distinguish 
between normal physiological changes and 
maladaptive responses to diving? 
Changes in gene expression, such as upregulation and 
downregulation of genes (see sidebar), can be detected 
before the onset of symptoms or clinical signs of DCS. 
This information can be used to create a profile of 
which genes are being expressed and how much. Such 

Clockwise from top: Ingrid Eftedal, Ph.D., stands beside a small 
hyperbaric chamber used for animal studies. Eftedal works in the 
field as well as the lab; here a life-support supervisor shows the 
dive control center aboard the Skandi Arctic, the most advanced 
dive-support vessel in the world. Eftedal and Andreas Møllerløkken 
breathe 100 percent oxygen during an experimental chamber dive.

Asking the 
Right Questions
INGRID EFTEDAL STUDIES THE 
BIOLOGICAL PROCESSES THAT 
MAY LEAD TO DCS.
By Payal S. Razdan, MPH, EMT
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a profile provides a snapshot of the 
biological state or activity of any 
cell or tissue type after exposure to 
some stressor. 

Measuring the gene expression 
of several hundred to thousands of 
genes reveals patterns that point to 
the factors instigating the changes. 
For example, while we usually think 
of our immune system in terms 
of host defense against things that 
are bad for our health, such as 
viruses or bacteria, I believe that 
the immune and inflammatory 
responses that we see in healthy 
divers are markers of successful 
short-term adaptation. 

Perhaps the changes we see are 
directly involved in antioxidant 
defenses. Right after scuba diving we 
see upregulation of genes that code 
for essential antioxidant enzymes 
such as mitochondrial superoxide 
dismutase 2 (SOD2), glutathione 
peroxidase 4 (GPX4), thioredoxin-1 
(TXN1) and nuclear factor kappa 
B (NF-kB). These factors are 
known to play roles in the body’s 
defense system. It is possible that 
such upregulation is a defensive or 
adaptive response to environmentally 
incurred oxidative stress, an 
imbalance that occurs when the body 
cannot counteract the harmful effects 
of or repair damage caused by free 
radical production. 

Is there a relationship between 
repeated diving exposures and 
immune-system health?
We know that repeated exposures 
to certain chemicals affect long-
term risks of some autoimmune 
conditions and cancers, but we do 
not yet know how diving affects the 
immune system in the long term. 
Even when there are no symptoms 
of DCS, secondary health effects 
may arise from the biological 
defenses activated during diving to 
protect us from acute injury.

Changes that affect immune 
cells may alter our susceptibility 

to infections and our long-term 
risk to diseases. If we can identify 
the biological processes altered 
by diving and determine whether 
they become fixed in our immune 
system over time, we may be able to 
better prepare divers and improve 
medical follow-up.

What can gene expression tell us 
about a person’s risk of DCS? 
Although changes in gene 
expression do not yet amount to 
a diagnosis of DCS, in the future 
these changes may provide clues  
in the search for objective 
biomarkers during the diagnostic 
process. Understanding the 
biological processes involved in 
disease development is useful  
for implementing targeted 
prevention and treatment and is 
necessary for the advancement of 
precision medicine. 

Normally, a physician detects 
disease through clinical evaluation, 
but changes in gene expression may 
point to risks and causes before 
signs or symptoms are noted. It 
is possible to count the number 
of transcripts made to determine 
the amount of gene activity 
or expression. By comparing 
transcriptomes (all the ribonucleic 
acid [RNA] transcripts within 
a cell) of different types of cells, 
one can determine a normal level 
of gene activity and assess how 
changes from that set point may 
contribute to disease or DCS for 
a given individual. Much more 
research will be needed before we 
can leverage this approach to yield 
useful information.

Short-term adaptive immune and 
inflammatory responses happen as 
a response to acute environmental 
stress, but these responses are 
successful only if the diver surfaces 
without illness. Short-term 
success may come at a price if 
acclimatization increases the risk of 
other diseases in the long term. 
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How does the study of gene expression complement 
other research being done to help understand the 
causes of DCS? 
The identification of decompression-induced bubbles as 
a trigger for DCS is unquestionably important. The most 
obvious advantage of gene expression analysis is the 
opportunity to look into complex biological processes at 
a detailed level. 

The process of altering gene expression is always 
controlled by one or more so-called transcription factors, 
which have been thoroughly mapped over decades. 
In general, we now understand what activates any 
particular factor in a cell. Once we observe some pattern 
of gene expression, we may be able to work backward to 
determine the cause of those changes. This may allow 
us to better understand which specific environmental 
factors are involved in the response observed. 

Transcriptomics (study of transcriptome and 
their function), together with other “-omics” such as 
proteomics (study of proteins) and metabolomics (study 
of chemical processes and metabolites in cells), helps us 
understand cellular biology and physiology. This may 
eventually provide keys to targeted treatment of DCS. 

Do breath-hold and scuba diving affect the immune 
system differently? 
Both breath-hold and scuba diving (but probably 
not long saturation diving) appear to affect the 
immune system in similar ways. Oxygen is a 
common denominator; it is vital fuel for all cells that 
contain mitochondria, the organelles responsible 
for cellular respiration and energy production. The 
oxygen-triggered responses we see may play a role in 
susceptibility to DCS. 

Both breath-hold and scuba diving cause pronounced 
shifts in RNA transcription patterns characteristic of 
specific leukocytes (white blood cells involved in the 
immune system). We see downregulation of cytotoxic 
lymphocytes, CD8+ T lymphocytes (that destroy 
targeted cells) and natural killer (NK) cells, and we 
see upregulation of genes expressed by neutrophils, 
monocytes and macrophages. 

We see persistent changes in experienced scuba divers, 
and these changes are still measureable at least two weeks 
after their last dive. The nature of the changes we found 
— i.e., the total pattern of genes that were differently 
expressed — led us to conclude that the divers were in a 
lasting biological state of defense against oxidative stress. 
It is possible that extensive diving may cause persistent 
changes in pathways controlling apoptosis (programmed 
cell death), inflammation and innate immune responses. 

It remains unresolved whether breath-hold diving alters 
the immune system’s defensive function. Data suggest 
that defensive responses that resolve inflammation 
and limit cell toxicity promote physiological balance in 
healthy athletes. 

What are some challenges you face in interpreting 
and applying your results?
As long as you know which cell types you are studying, 
transcriptome analysis allows room to interpret data 
without a predetermined hypothesis. You have to 
consider thousands of genes, however, to make sense of 
the actual biology. Good software tools are available for 
gene expression analysis, but the challenge is determining 
which transcriptome data to use with these tools. 

Although the software is based on everything we 
already know about the activity of every gene we 
consider, most research on human transcriptomes is 
concerned with diseases such as cancer or diabetes. 
The way genes are expressed in these disease states is 
not always relevant to diving. We spend an incredible 
amount of time poring over scientific reports to make 
sense of the patterns in our data and then constructing a 
coherent profile.

What insights might the research and dive 
communities gain from your work?
Norway has a very long coastline, and most of its major 
industries relate to the ocean. Offshore oil companies 

This heat-map visualization shows messenger RNA (mRNA) levels 
for the top-50 differentially expressed genes in the stationary blood 
transcriptomes of 10 divers compared with those of nine nondivers. 
The columns show individual divers, while the rows show genes. Red 
indicates upregulation, and blue indicates downregulation.

 

 

 
 
 



Galapagos Maldives Silver Bank

Saba/St. Kitts Turks & Caicos

Unique liveaboard experiences!
www.explorerventures.com
info@explorerventures.com

USA/Canada: 1.800.322.3577
+1.307.235.0683

N

LIVEABOARD DIVING FLEET

ALERTDIVER.COM  |  57

and fish farms employ a significant number of divers, 
and while the offshore industry has developed health 
and safety protocols in diving over several decades, 
there are emerging areas in aquaculture in which the 
methods and procedures are still evolving. 

Our fitness-to-dive project studies the impact of 
hyperbaric exposures on the circulatory and central 
nervous systems of humans and animal diver models. 
While the fitness-to-dive project is primarily concerned 
with occupational saturation diving, we have done smaller 
projects that are relevant to the recreational community. 

If we understand the biological processes that push 
the body toward DCS, we will be better able to develop 
interventions. These biological processes are likely 
gradual, meaning that at some point the body reaches a 
limit at which it can no longer compensate. I believe that 
gaining a detailed understanding of the progression to 
symptoms and learning more about the long-term effects 
of extensive diving is of great potential benefit to the 
diving community. 

Occupational divers make provocative dive profiles 
under sometimes extreme conditions. Greater 
understanding of the physiological impact of these 
extreme profiles can help to educate recreational divers 
and promote safer diving behavior. The long-term effects 
of diving are not necessarily bad. As with other forms of 

exercise, there may be health benefits, but changes that 
involve the immune system should be followed over time 
since they may alter disease risk. Knowledge of immune 
and inflammatory responses to different situations in 
diving may affect the way divers’ medical evaluations are 
done. The human body is the most complex and beautiful 
piece of machinery, and there is still so much we can 
learn about it if we ask the right questions. AD 

Most cells in our body contain deoxyribonucleic acid (DNA), a 
complex molecule that contains the necessary instructions to do and 
build things the body needs for development, function, maintenance 
and adaptation to changes in the environment. Before these 
instructions can be followed, they must be copied into a “readable” 
form called ribonucleic acid (RNA). These RNA transcripts influence 
everything from the structure of cells to what proteins are made. 

DNA is organized into genes. As environmental conditions 
change, some genes may become more or less active (upregulated 
or downregulated). Activity can be measured by identifying both 
the type and quantity of all the RNA transcripts present in a cell. 
Changes in gene expression can provide insight into how a cell 
normally functions in given conditions. It may also shed light on 
how deviation from the norm could lead to disease, whether it is 
cancer or DCS. Although most cells in the body contain the same 
genetic instructions, not all cells follow or read the same part of the 
manual. Cells that make up the immune system, for example, have 
a completely different structure and function than cardiac cells.



THE DIVER
The diver was a 48-year-old woman 
who was open-water certified 20 
years ago but had not dived since 
then. She had recently taken a 
second open-water diving course.

She was 5 feet 7 inches tall, 
weighed 230 pounds and had a 
body mass index (BMI) of 36. She 
had recently lost 45 pounds and 
was still in the process of weight 
reduction, though she was not 
dieting during this seven-day 
liveaboard trip in Australia. 

THE INCIDENT
On the second day of diving the 
diver reported “getting carried away 
while taking pictures.” She stopped 
looking at her gauges and realized 
at 97 feet that she had only 1,000 
psi of breathing gas left. Her dive 
buddy was motioning for her to 
ascend, so she began to purposefully 
do so. She reported feeling worried 
and determined that she should not 
shoot to the surface. She began a 
steady ascent. 

At 45 feet she looked around 
and initially was unable to locate 
her dive buddy. She watched her 
air supply dwindle. Finally she 
reached 20 feet with about 300 
psi of air left. She opted to make a 
safety stop, and watched her gauge 
intently the whole time. As soon as 
she finished she motioned for her 
buddy to ascend the mooring  
line. She ascended in a slow, 
controlled manner but stated that 
her mind was racing and that 
she felt relief as her depth gauge 
approached zero.

 On the surface the diver 
inflated her BCD, looked at her 
gauge and saw that her tank was 
completely empty. She recalled:

RESEARCH, EDUCATION & MEDICINE
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It can be easy to lose sight of depth, time and 
gas supply when you’re in search of the perfect 

image. Stay alert — don’t compromise your 
safety for the sake of a photograph.
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By Peter Buzzacott, MPH, Ph.D.
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It was a 97-foot dive, and 
I was very embarrassed. 
My dive buddy was holding 
it back, but I could tell he 
was upset with me. I never 
told him how close I came 
to running out of air, but I 
apologized profusely, telling 
him I would never do that 
again. I spoke with another 
diver, a former instructor, 
and told him what had 
happened. He told me he 
had made the same mistake 
once — got carried away 
with what he was doing and 
forgot to watch his gauges. 
I was thinking, “Wow, and 
you’re a dive instructor!” I 
was shocked at how easily 
you can lose sight of your 
depth. I mentally vowed 
to stay with my buddy on 
future dives and to watch  
my gauges. 

ANALYSIS
This diver was lucky that she 
realized how low her tank pressure 
was when she did. Much longer 
at that depth and she would likely 
have run out of air before she  
made it back to the surface. At 
DAN®, we receive fatality reports 
every year about divers who  
weren’t so lucky. Running out of air 
doesn’t automatically lead to death, 
but when coupled with panic and a 
rapid ascent, which may be  
more common among 
inexperienced divers, the 
consequences can be grave. 

An Australian study followed a 
thousand recreational scuba dives 
and determined that, compared with 
divers who surfaced with plenty of 
air remaining, divers who surfaced 
low on air were more than 20 times 
more likely to be surprised by how 
little air they had left. In other 
words, like the diver involved in 

this incident, they were simply not 
paying attention to their gauges.

Recently I took up underwater 
photography again after a long 
break. In the past few years I’d been 
diving plenty but without a camera. 
The first thing I rediscovered was 
how utterly distracting a camera 
can be when you find something 
you want to photograph. It is very 
easy to forget to keep an eye on 
your depth or air, and this is one 
reason why DAN resolutely suggests 
recreational divers dive with a buddy. 
In this incident a buddy signaled the 
diver before she ran out of air and 
accompanied her to the surface, able 
to render assistance if needed.

This diver had a close call, 
learned a valuable lesson and lived 
to dive another day. Staying calm 
during her ascent, staying near her 
buddy and inflating her BCD at the 
surface were all essential elements 
in her incident being harmless. 

Another aspect of this case is 
particularly relevant to modern 
divers. In the earlier days of 
underwater photography, when 
divers used rolls of 24- or 36-shot 
film, waterproof cameras were 
quite an investment, and it was 
far more common then for divers 
to be very experienced before 
buying their first camera. Today, 
however, as this diver showed, even 
newly certified divers pick up the 
now relatively inexpensive hobby 
of underwater photography — 
before they have developed keen 
situational awareness through many 
dives. This relative inexperience 
and the distraction a camera offers 
make for an unsafe combination 
underwater. Therefore, newer 
divers who want to take their 
cameras underwater are advised 
to discuss the dive plan with their 
buddies before entering the water 
and to carefully consider the added 
risk of distraction. AD

reservations@samstours.com
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Q: I’m a dive instructor, and I occasionally 
have student divers who wonder if they 
need to follow the flying-after-diving 

recommendations after just being in the pool.

A: Flying or travel to altitude after diving is a 
consideration for many divers, so it is great 
that the question is being asked. Fortunately, 

a typical shallow, low-workload, pool-diving exposure 
would be of minimal concern, particularly when the 
time is split between the bottom and the surface 
and the cumulative total underwater time is modest. 
This is a great opportunity, however, to reinforce an 
understanding of dive tables.

You can reference the U.S. Navy Diving Manual 
(USN 2008) for this guidance. An actual bottom time 
(the time from leaving the surface to the point of 
direct ascent to a stop depth or the surface) of 61-88 
minutes at 15 feet of seawater (fsw) would put a diver 
in repetitive group C (Table 9-7). C is the maximum 
repetitive group allowed for immediate exposure to an 
altitude of 8,000 feet (Table 9-6). A maximum depth of 
10 fsw would require an actual bottom time of 102-158 
minutes to put a diver in repetitive group C. 

Any delay between exiting the water and travel to 
altitude would provide an additional safety buffer as 
the diver offgases. Conversely, deeper dive depths, high 
underwater workloads and/or travel to higher altitudes 
would require greater conservatism.

Practically speaking, a 60-minute pool session in 
a 10- to 12-foot-deep pool would offer little concern 
for typical pressurized aircraft cabin altitudes (usually 
6,000-8,000 feet altitude equivalent) or unpressurized 
flight or driving to a similar actual altitude. Following 
the flying-after-diving guidelines recommended for 
recreational diving would not be necessary for this (or 
lesser) exposure. 

For completeness, the flying-after-diving guidelines 
for recreational diving call for a minimum 12-hour 
surface interval (SI) after single no-decompression 

dives, an 18-hour SI after multiple dives per day or 
multiple consecutive days of diving, and a “substantially 
longer” than 18-hour SI after decompression dives 
(Sheffield and Vann 2004). The “substantially longer” 
text was used to acknowledge the fact that we did not 
have sufficient data for precise recommendations, 
but it is a common rule of thumb that a 24-hour SI is 
desirable for decompression dives. 

The DAN® flying-after-diving guidelines are applied 
to the altitude range of 2,000-8,000 feet. Exposures to 
altitudes below this range are ignored, and exposures 
to greater altitudes are not recommended after diving 
until all excess inert gas is eliminated. In comparison, 
the U.S. Navy uses 1,000 feet as the threshold for 
altitude exposure. An interesting fact is that the U.S. 
Navy tables rely on most of the same data used to 
generate the DAN guidelines. The specific guidance 
for different exposure profiles is primarily based on 
mathematical manipulation of the same data, not 
additional experimental data. 

— Neal W. Pollock, Ph.D.
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Q: I have noticed that beginning scuba 
divers often get nosebleeds after 
dives. What causes them?

A: Divers, especially new divers, sometimes 
report nosebleeds after diving primarily 
because they are unaware of the 

importance of equalizing the sinuses and middle 
ears. The barotrauma that results when the 
sinuses are not equalized can cause blood vessels 
in the lining of the nose to burst. These vessels 
lie very close to the mucous membranes that 
line the nose and sinuses, and the blood can 
come from either of these linings. This type of 
barotrauma, generally the result of air being 
trapped within the sinuses, is not always painful, 
though the presence of blood can be disconcerting. 
With this type of injury, blood can also run down the 
back of the throat or pool in the sinus below the eye 
and emerge later. It can also act as a growth medium 
for bacteria and lead to sinus infections. 

Individuals with a history of sinus trouble, allergies, a 
broken nose or a deviated septum as well as divers who 
currently have a cold may find equalization difficult 
and may experience problems with nosebleeds. It’s 

always best to not dive with a cold, congestion or any 
other condition that might block the sinus passages. 

We suggest a slow, gentle descent with frequent 
equalizing to help decrease the risk of sinus 
barotrauma. Divers who are unable to equalize their 
sinuses or have frequent nosebleeds when scuba diving 
should see their personal physician or a specialist in 
ear, nose and throat (ENT) care for evaluation.

— Dan Nord, EMT-P, CHT
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Q: Is there any reason cold 
water might increase 
the likelihood of lung 

squeeze while freediving? I 
have experienced lung squeeze 
a few times, but only in cold 
water (around 45°F). I was 
shallower than 100 feet. In 
warm water I can reach 165 
feet, so I believe the squeeze is 
somehow related to the water 
temperature. 

A: You described your 
condition as lung squeeze, 
but it sounds like your 

question is really about what might 
have caused you to cough up blood 
from your lungs (presumably) 
under the conditions you describe. 
Given the variable impact of 
depth on the development of 
the condition, you could be 
experiencing a form of  immersion 
pulmonary edema (IPE).
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IPE is a multifactorial condition, largely a net effect 
of increased central blood volume, pressures within the 
chest and, for compressed-gas divers, increased breathing 
resistance. The squeeze is a primary component, but only 
part of the story. Immersion produces a shift in blood 
from the periphery to the core, and this effect can be 
magnified in cold water or partially replicated by wearing 
a tight wetsuit. Excessive fluid intake (hyperhydration) 
increases the risk. For compressed-gas divers, respiratory 
loading (most important, the effort to inhale) increases 
with water immersion, with breathing through a 
mouthpiece that adds resistance (particularly as gas 
density increases) and with exertion. Using compressed 
gas or freediving, if the net effect of the various stressors 
is a sufficient increase in the pulmonary artery pressure, 
capillary stress failure can produce a shift of blood into 
the lungs. Symptoms of IPE can include the perception of 
strain or stiffness in breathing, coughing and the coughing 
up of small amounts of blood.

While I cannot confirm that this is what you are 
experiencing, it may be that the central blood volume 
increase magnified by the cold water is the stressor 
that takes you over the edge that you skirt in warmer 
water exposures. IPE is most likely to appear when 

multiple predisposing factors are acting in concert. You 
may have found your own threshold.

I encourage you to consult with your medical 
monitors, keeping in mind that the classic squeeze is 
not the only risk that freedivers face.

— Neal W. Pollock, Ph.D 

Q: A From the Medical Line article in a 
previous issue of Alert Diver (Summer 
2015) addressed the topic of the new 

generation of anticoagulant medications. It 
mentioned that there was no way to reverse the 
effects of these newer anticoagulants. I recently 
heard this is no longer true. Can you verify this? 

A: Indeed, a new medication called idarucizumab 
(Praxbind®) can reverse the anticoagulant 
effects of dabigatran etexilate (Pradaxa®). 

Reversal medications for other next-generation 
anticoagulants are still in development. Note that when 
traveling outside the U.S., however, idarucizumab may 
not be available in an emergency. This should prompt 
consideration when planning diving activities. AD

— Marty McCafferty, EMT-P, DMT  
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Head Injuries and Diving
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By Jim Chimiak, M.D.

T
raumatic brain injury (TBI) occurs 
when an external force causes the brain 
to move violently within and collide 
with the skull. This leads to functional 
problems of varying degrees and 
durations. Doctors categorize TBI as 

mild, moderate or severe depending on the alteration in 
awareness, duration of loss of consciousness, extent of 
amnesia and examination findings. 

Most TBIs result from motor vehicle, sports and combat 
injuries. The Centers for Disease Control and Prevention 
(CDC) report that approximately 1.7 million people sustain 
a TBI each year in the U.S., but as many as 50 percent of 
these injuries may go unreported. These injuries contribute 
significantly to deaths and permanent disabilities. About 
300,000 combat veterans have suffered TBIs. 

Mild TBIs with symptoms that last hours to days 
are commonly called concussions. Concussions are 
associated with a temporary loss of awareness or 
consciousness and an inability to recollect events 

(amnesia) in the narrow window preceding and/or 
following the injury. Any person who reports being 
dazed or disoriented after a blow to the head should be 
considered to have had a concussion. 

Symptoms usually resolve with rest and time, but 
even mild injuries can have delayed and/or persistent 
symptoms; this is known as postconcussion syndrome. 
Problems thinking, diminished energy or agility and 
difficulty concentrating or retaining new information 
may linger for days or weeks. Other symptoms may 
include nausea, vomiting, headache, dizziness, vision 
disturbances and problems with balance, mood and 
sleep. The likelihood of chronic problems is higher 
when the initial trauma is more severe.

Evidence shows that even mild TBI can have more 
impact on people’s health than previously thought. A 
period of physical and mental rest is important after 
the injury to avoid further harm and facilitate symptom 
resolution. Recovery following repeated concussions is 
often slower. 

Symptoms of a head injury usually resolve with rest and time, but even 
mild injuries can have delayed and/or persistent symptoms such as 

difficulty thinking, diminished energy, trouble sleeping and memory or 
concentration problems. Such symptoms are incompatible with safe diving.
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TBI AND DIVING
Divers who report a history of concussion on a dive 
medical form are required to obtain clearance from a 
physician. Thus, divers may withhold this information 
to avoid this perceived unnecessary inconvenience. In 
addition to asking about a head injury associated with 
a loss of consciousness within the past five years, the 
screening form asks about TBI-related symptoms that 
may have been caused by a concussion. 

Physicians who evaluate fitness to dive after 
concussions are tasked with considering the specific 
stressors inherent to diving amid a limited body of 
evidence about TBI and diving. Recurrence of symptoms 
such as headache and dizziness is common and may 
compromise a diver’s safety. Such symptoms may also 
confound the diagnosis of acute diving-related injuries 
such as decompression illness (DCI). 

Mood swings and mild mental-status changes are 
common after TBI; these can affect a diver’s attention to 
detail, interpretation of information (e.g., depth, time, 
etc.), memory and interactions with the diver’s buddy, 
guide or team. The recovering brain is vulnerable to 
reinjury and possibly to venous gas emboli. Seizure risk 
is also a concern, because seizures that occur at depth 
are generally fatal.

Chronic TBI symptoms usually disqualify divers, 
but there is growing pressure to lower the barriers to 
participation for people who have had a mild TBI. With 
a lack of definitive evidence specific to questions about 
fitness to dive after TBI, we have assembled a group 
of experts to provide their views on how the growing 
body of TBI literature in other areas could be applied in 
diving medicine. 

How might a history of a head injury with loss of 
consciousness in a (now-asymptomatic) diver affect 
fitness to dive?
Lin Weaver: TBI is graded at the time of injury as mild, 
moderate or severe. I will mainly address mild TBI. 
Equally important to the grade at the time of injury is 
the potential diver’s condition at the time of the fitness-
to-dive evaluation (presumably months to years after 
the injury). Twenty-two percent of patients who had a 
mild TBI will have postconcussive symptoms one year 
later (McMahon et al. 2014).

In general, people who had a severe TBI should not 
dive. I guess there could be exceptions, made case by 
case. Some people who had a moderate TBI may make 
a full recovery, in which case I think it’s OK for them to 

dive. If they have not recovered, then symptoms may 
preclude diving, just as persistent symptoms generally 
preclude diving for people who had a mild TBI. If 
structural damage is apparent with CT scan or MRI, 
the person probably should not dive.

A diver with a history of TBI should dive conservative 
profiles that minimize risk of decompression sickness 
(DCS). If the diver were to need hyperbaric oxygen 
therapy, the dose of oxygen might place him or her at 
an increased risk of seizure. Divers who have had a TBI 
have consumed some of their cognitive reserve, and 
getting DCS or arterial gas embolism (AGE) would 
represent another brain injury, so the outcome would be 
worse than if they had never had a TBI. 

Wayne Massey: Loss of consciousness, which is often 
difficult to confirm, is cause for concern about more 
serious problems that may affect the diver. 

We usually want to establish diving suitability  
after a mild concussion. Head injuries that involve  
loss of consciousness are more worrisome than those 
that do not, although getting an accurate history  
from the patient, coach or family is often unreliable.  
A duration of symptoms that is cause for concern is  
not well defined in the literature, but all studies agree 
that an early return to sports participation comes 
with the risk of a second injury. Following symptom 
resolution and a normal examination, individuals may 
return to diving progressively except in cases in which  
a seizure occurred.

Tony Alleman: Loss of consciousness for more than 
30 minutes or amnesia for longer than one hour 
is considered disqualifying for commercial divers. 
Returning to commercial diving after a mild TBI 
is generally acceptable if no changes are present in 
imaging such as an MRI or CT scan. Brain contusions, 
hemorrhage and other structural abnormalities are often 
associated with delayed symptoms such as seizures. 

How long after a concussion should divers wait 
before returning to diving?
Weaver: With a mild TBI and a full recovery, I think 
diving is OK, but I will break this down somewhat:
a. Mild TBI and full recovery within one week: Diving 

is OK one month later, but it should be conservative 
and not include decompression.

b. Mild TBI and full recovery within one month: The 
person should not dive for six months.
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c. Mild TBI and recovery months, but less than one 
year, later: No diving for one full year after complete 
symptom resolution.

d. Mild TBI and continuing symptoms: The symptoms 
may be a problem for diving. For example, vertigo and 
dizziness may be made worse on a boat. Vertigo may 
cause nausea, which may be incompatible with safe 
diving. Exposure to cold may make migraines worse. 
Diving can be a significant stressor, so anxiety and 
posttraumatic stress disorder (PTSD) are disqualifiers. 
Cognitive problems may interfere with divers’ ability 
to interpret their dive computer or follow directions 
properly. Any drugs a diver takes must be reviewed with 
specific advice about diving. Any symptoms warrant 
evaluation by brain-injury and dive-medicine specialists.
All diving is not the same. Diving in relatively shallow, 
clear, warm water without current is very different from 
cold, rough water with poor visibility. Recommendations 
for diving should specify the type of diving.

Massey: When symptoms resolve early I suggest 
waiting a week, but the longer the symptoms persist, 
the longer I would delay diving. Symptom duration is 
important in determining how long one should avoid 
sports, including diving.

With a mild concussion, when symptoms resolve 
within one day, diving within a week of resolution is 
appropriate. If symptoms go on for a month, then diving 
does not seem wise until after resolution and a period 
of observation and medical reassessment, especially 
with any symptoms beyond a headache. Any persistent 
cognitive symptoms such as poor concentration would 
require further observation and a conservative return 
to activity. Rest and good sleep are reported to be 
helpful. Subsequent neurological evaluation must assess 
attention, orientation, judgment, insight and memory. 
A CT scan is almost never helpful; an MRI should be 
conducted when a clinical examination suggests bleeding 
in the brain. An electroencephalogram (EEG) should be 
considered in the event of persistent symptoms.

Alleman: From a commercial diving standpoint, 
staying out of the water for at least six weeks would be 
recommended, provided that the diver has a normal 
neurological examination after this delay. From a 
recreational standpoint, a longer period of time may be 
considered since the individual is not compelled to dive 
from a financial standpoint. 

Are there any possible benefits of diving for 
patients with a mild TBI?
Weaver: There is no scientific proof that patients with 
mild TBI gain improvement by diving.

Massey: I doubt the existence of benefits based on 
present information.

Alleman: There is no medical literature that supports 
diving as beneficial for patients with mild TBI.

What are the main fitness-to-dive concerns with TBI? 
Weaver: Headaches following mild TBI are common. 
They can interfere with attention and concentration and 
sometimes affect vision, which might make reading a 
dive computer screen challenging.

Massey: One of the main concerns is cognitive 
impairment, which relates to judgment, awareness  
and reasoning. Will the diver make mistakes that he  
or she otherwise would not, and will that affect the 
diver’s safety?

Seizure risk varies with the degree of injury, but a 
significant seizure risk would rule out further diving. 
Whether the risk of a seizure is permanently elevated 
in the postconcussive state is unknown. It is likewise 
unknown whether there is a difference in the risk of 
complex partial, simple partial, generalized, absence 
and other types of seizures.
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Alleman: Restoration of all cognitive function is 
necessary to return to safe diving. No matter what type 
of diving is done, all divers need to have good mental 
faculties when faced with an emergency in the water, 
whether it is an encounter with marine life or the loss 
of air/gas at depth. Any impaired response in these 
situations could be fatal.

What are the minimum medical requirements that 
must be met by people with a TBI who wish to dive?
Weaver: Tests such as the sharpened Romberg and 
near point of convergence are relatively sensitive in 
brain-injured people, but if they are positive, does that 
mean the diver can or cannot dive? I don’t think these 
tests suggest a definitive answer to the question. I think 
whether diving can be endorsed is more a matter of the 
symptoms, including how they might change during a 
dive and whether they might somehow increase the risk 
of a dive emergency.

Regardless, patients who had a moderate or even 
severe TBI and want to dive should be assessed by brain-
injury specialists such as neurologists, physical medicine 
and rehabilitation specialists, neuropsychologists, 
psychiatrists and dive medicine specialists.

In the event of penetrating trauma or if injury to 
the temporal lobe occurred, then seizure risk will be 
significantly elevated for several years after the injury. 
A mild TBI brings a slightly elevated risk of seizure, but 
that risk is low. A diver who has recovered from a mild 
TBI can probably use nitrox but should perhaps limit 
their PO2 to 1.3 ATA. That being said, I am not aware 
of any real evidence about how hyperoxia and prior 
brain injury affect seizure risk. 

Massey: The requirements are an ability to think 
clearly, no significant anxiety, good attention span, 
appropriate insight and judgment for training and no 
physical limiting factors.

Alleman: A normal, thorough neurological 
examination would be required for a return to diving. 
Cognitive testing would also be advised. For any history 
of loss of consciousness, imaging (CT or MRI) should 
be considered prior to returning to diving. AD
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MEET THE EXPERTS
Tony Alleman, M.D., MPH, is board certified in occupational 
medicine and undersea and hyperbaric medicine. He is the 
chairman of the Physicians Diving Advisory Committee of the 
Association of Diving Contractors International and participates 
on an International Marine Contractors Association committee 
on diver health. In his practice he performs dive physicals and 
treats dive-related disorders for commercial divers. He is the 
past president of the Gulf Coast Chapter of the Undersea and 
Hyperbaric Medical Society. 

Wayne Massey, M.D., is a clinical neurologist and professor of 
neurology at Duke University Medical Center in Durham, N.C. 
He gained significant experience treating divers with serious 
decompression illness as a doctor at the U.S. Navy Hospital 
in Bethesda, Md. He is a fellow of the American Academy 
of Neurology and the American College of Physicians and a 
member of the DAN board of directors.

Lindell Weaver, M.D., is the medical director of hyperbaric 
medicine at Intermountain Healthcare in Salt Lake City, Utah. 
He became a diver in 1975, was a U.S. Navy Undersea Medical 
Officer for two years and became a diving instructor in the 
1980s. He has studied hyperbaric oxygen for brain injury for 
years and played a leadership role in U.S. Department of 
Defense studies of randomized trials of hyperbaric oxygen for 
postconcussive syndrome due to war-related mild TBI.  
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Returning to diving following a head injury requires ample time 
for a complete recovery and a thorough evaluation by medical 
professionals with relevant expertise.
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Effects of Aspirin on Diving
By Peter Buzzacott, MPH, Ph.D., and Jim Chimiak, M.D.

M
y doctor recommended that I take an 
81 mg aspirin (a “baby aspirin”) every 
day. Has there been any research into 
how this might affect recreational 

divers’ risk of decompression sickness (DCS)?

Though there is insufficient space here to address every 
aspect of this question, my colleague and I will address 
a few of the major issues. First, whatever research paper 
we read will likely have participants that differ in some 
way from recreational divers (they might be Navy divers, 
for example) or environmental conditions that differ 
(they might involve hyperbaric chamber dives rather 
than submersions). Therefore, whenever we look to 
research for definitive guidance we look for a meta-
analysis that summarizes everything that has been shown 
in gold-standard human experiments. Unfortunately, 
there has not yet been a meta-analysis of predive aspirin 
use in divers, so we must look at individual studies. This 
is a bit like looking at photographs in that they show only 
snapshots of particular moments and may not convey 
the totality of what was going on at the time.

My colleagues and I found that giving rats a daily 
dose of aspirin for two days before hyperbaric diving 
reduced the incidence of DCS after a very specific 
compression profile. The limitations of this single 
study, however, outweigh the practical lessons we can 
take from it. In particular, the profile was well beyond 
what recreational divers might dive, the experiment was 
in a chamber instead of in the water, the dose was very 
high, and the signs of DCS in rats are different from 
those commonly seen in recreational divers. Although 
the results of this small study were not statistically 
significant, the experiment did suggest that high doses 
of aspirin might have a protective benefit (in rats).1

This was a potentially important finding because in 
2014 the U.S. Food and Drug Administration (FDA) 
denied an application to recommend a daily dose of 
aspirin for primary prevention of heart attack or stroke.2 
The FDA has approved recommending aspirin for 
secondary prevention (in patients who had already had 
a stroke or heart attack, for example), but it requires 
more evidence before it will approve aspirin for primary 
prevention (prescribed as a preventive measure to people 

Divers who take aspirin should dive conservatively to 
minimize their risk of DCI and be sure they are free 
from congestion (i.e., have no difficulty equalizing).
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who are at elevated risk of a stroke or heart attack). The 
U.S. Preventive Services Task Force recently reviewed 
the available evidence and recommended aspirin for 
use by certain “at-risk” individuals over age 50 following 
consultation with their primary care provider.3 Given the 
aging population of divers in the U.S., this could affect 
many divers.

In some hyperbaric treatment facilities, aspirin 
is prescribed as an adjunct to hyperbaric therapy 
based on the hypothesis that it will “thin” the blood 
and increase offgassing, thus increasing the efficacy 
of hyperbaric oxygen therapy (HBOT).4 Although 
this sounds prudent, the evidence supporting its 
prescription is controversial; what are needed next 
are randomized clinical trials in which some patients 
receive aspirin and others do not. Until then we will 
not know for sure if aspirin is beneficial in HBOT. 
Taking it before diving, however, is another matter.

In terms of regular predive administration, such as 
in divers who take an aspirin a day, this is a vexing 
question, so I turn to my colleague in medicine to 
describe some potential considerations.

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

As mentioned previously, even the decision to take 
aspirin on a daily basis is not clear-cut. You must 
discuss with your physician the risks and benefits of 
taking this remarkable and inexpensive medication. 
Even with a large body of evidence supporting 
aspirin use in the prevention of cardiovascular 
disease and some cancers, the risk of gastrointestinal 
and intracranial bleeding moderates its universal 
prescription for those it might benefit. 

Introducing your desire to dive into the discussion 
may have an impact on the decision for you to take 
low-dose aspirin on a daily basis. I will primarily 
discuss the effects of its anticlotting function since this 
has the main impact on divers. In the future, research 
may prove its anticancer effects, and this may also have 
a direct impact on the diver. 

Aspirin is a potent medication that has antithrombotic 
effects by affecting platelet function. Platelets play an 

important role in the clotting function. This effect can 
be seen with low doses of aspirin (baby aspirin) and 
is supported by multiple studies. The analgesic effects 
of aspirin appear to require higher doses to achieve 
analgesia by yet a different cellular pathway with an 
associated increase in bleeding risk.

The same bleeding risks (gastrointestinal, intracranial, 
etc.) for the general population affect divers in even 
more locations in the body. The problem for divers 
is that this antithrombotic or anticlotting effect can 
have negative effects when impacted by a diving injury 
from barotrauma and possibly severe neurologic 
decompression illness (DCI). 

Bleeding from trauma that includes injuries from 
barotrauma may experience increased bleeding. This 
may occur with middle-ear or sinus barotrauma 
(squeeze). These areas do not allow easy access to 
control such bleeding.

A concern by many diving medicine experts is that 
with serious neurologic DCI, hemorrhage or bleeding 
has been seen in sensitive neurologic tissue. With 
aspirin-induced anticoagulation, this bleeding may take 
on increased significance for both treatment response 
and long-term outcome.

Nonsteroidal medications, which share some of  
the same mechanisms of action as aspirin, have  
been used in conjunction with the hyperbaric 
treatment of DCI. Those investigators reported 
some benefit in the number of hyperbaric treatments 
required. Some benefit of its analgesic properties may 
account for this. Unfortunately, this effect will probably 
not be seen with low-dose aspirin since the cellular 
pathway producing this analgesia is minimally affected.

In addition to the discussion of studies that outline 
the risks and benefits of low-dose aspirin for the 
general population, divers must also consider with 
their physician concerns over increased bleeding in the 
event of barotrauma or decompression injury. If taking 
low-dose aspirin, divers should pay strict attention to 
the ability to equalize, have no evidence of congestion 
or upper-respiratory illness and employ conservative 
measures to prevent DCI. AD

— Jim Chimiak, M.D.,  
DAN Medical Director
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With the water glowing cool green on my left and a 
tapestry of warm red, yellow and white blurring by 
on my right, I descend and drift with the last of the 
incoming tide. Memories come flooding back to me 
— vivid images from dives past of fascinating critters 
found here and favorite photographs created. Even 
though I have dived this reef more than half a hundred 
times over the years, I still expect to be amazed each 
time. Buttertart Reef is layer upon layer of fish and 
invertebrate life in artful disarray, all fins and scales and 
tentacles, sublime colors and curious shapes. It’s Van 
Gogh meets Picasso 75 feet under. 

Countless dive sites along British Columbia’s 
Vancouver Island similarly impress and inspire. 
Drysuit-clad divers the world over trek to these cold, 
current-swept waters off Canada’s west coast to kick 
through kelp forests and over rocky reefs, meet Pacific 
Northwest celebrities such as giant Pacific octopuses 
and wolf-eels, explore shipwrecks and play with sea 
lions. In a clamshell, this Emerald Sea offers some of the 
finest temperate-water diving on the planet.

Scuba hotspots surround the 300-mile-long island. 
From Port Hardy at the northern end to Victoria at 
the southern, and from Barkley Sound on the western 
flank to Nanaimo and Campbell River nestled along the 
eastern edge, it’s all good.  

PORT HARDY: PORTAL TO THE PASSAGE
Goodness overfloweth in Browning Passage, a legendary 
waterway that cuts through the line of islands in front 
of the fishing and timber town of Port Hardy. Both the 
aforementioned Buttertart Reef (also known as “Rock of 
Life”) and the famous Browning Wall dive site are in 
the passage and resoundingly prove that cool water can 
more than compete with the tropics for color. Plunging 

vertical faces smothered by bright white plumose sea 
anemones are highlighted with clumps of fiery raspberry 
soft coral and mounds of yellow mustard sponge. China 
rockfish peer out from crevices, and kelp greenlings 
perch in glove sponges. Basket stars unfurl spidery arms 
to snag passing planktonic meals, while Puget Sound 
king crabs march up and down the saturated scenery. 
From the surface to 80 feet, it is mind-bogglingly 
beautiful, lush and alive.

Current is the lifeblood of Vancouver Island’s biological 
machine; it’s responsible in large part for the island’s 
incredible abundance of marine life. Besides providing 
clean, nutrient-rich water and food for the creatures 
of the reef, the current carries infinite waterborne 
invertebrate larvae from afar that are keen to settle down. 
For safety, divers should schedule submersions during 
“slacks,” the periods between changes in current direction 
when water movement is at a minimum.  

With fair weather and good slacks in the forecast, 
we venture out of the passage, northward into Queen 
Charlotte Strait proper. Hunt Rock is a pinnacle 
exposed to strong swell and formidable current; it’s not 
always diveable, but favorable conditions allow us to 
submerge and hover in a golden jungle of bull kelp amid 
schools of black rockfish. Wolf-eels are the focus of our 
tour along the boulder slope at Fantasy Reef. We count 
five of the ugly-mugged yet undeniably charismatic fish 
along with a dozen species of sea stars.

All the way across the strait on the mainland side is 
a celebrated but rarely visited spot called Nakwakto 
Rapids. Only a few times each year does the fickle 
moon sufficiently release her pull on the tides to grant 
access. Nakwakto boasts one of the world’s fastest tidal 
currents (a blistering 14.5 knots on the ebb) as well as 
giant gooseneck barnacles. Because of the turbulent, 
super-oxygenated water, these rare, oversized red-lipped 
crustaceans thrive here and grow in big mounds 35 to 
55 feet deep. To see them you must time the tides with 

72  |  WINTER 2017

T E X T  A N D  P H O T O S 
B Y  B R A N D O N  C O L E[ [

THE EMERALD SEA
VANCOUVER ISLAND, BRITISH COLUMBIA

   I free fall diagonally
       along the spectacular wall. 
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A curious and playful Steller sea 
lion (Eumetopias jubatus) poses 
close to the camera.
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Swiss precision. The safety window for slack water 
does not last long — usually 15 to 20 minutes — so it 
is essential to dive with an experienced operator and 
follow the briefing closely. 
 
CAMPBELL RIVER TO HORNBY:  
MIDISLAND MAGIC
South of Queen Charlotte Strait, Vancouver Island 
widens toward the British Columbia (BC) mainland. A 
maze of islets and twisting channels separates the two, 
with fast-flowing Discovery Passage as the bottleneck. 
With the city of Campbell River on the left and Quadra 
Island on the right, this corridor of current delivers 
adrenalin-fueled dives in the Strait of Georgia. 

Row and Be Damned is a sloping rock pile buried 
beneath bazillions of tiny ruby-red strawberry 
anemones. Weird crabs (heart, scaled and rhinoceros) 
are common here, as are tiger rockfish and a plethora 
of nudibranchs, including both lemon and orange peel 
varieties. Another marquee spot to be dived only at 
slack is Steep Island, where at depths between 60 and 
100 feet you’ll see bouquets of 2-foot-tall feather duster 
tube worms with purple pom-pomlike blooms. If your 
macro lens is mounted, peek underneath the tentacles 
of the snakelocks anemones to find gorgeous candy-
stripe shrimp. Scoot over to the other side of Discovery 
Passage to search for giant octopus in the forest of 
pilings underneath Argonaut Wharf. For an off-slack 
dive, try the HMCS Columbia. Sunk as an artificial 
reef in 1996, this retired destroyer rests in 120 feet in 
a calm bay behind Maud Island. Its placement outside 
the main current flow offers, regardless of the tides, a 
mellow dive for the metalheads out there. 

I’m more of a suckerhead and never miss an 
opportunity to seek out one of the world’s largest 
cephalopods: the giant Pacific octopus (GPO). A giant 
GPO’s arm span can reach 12 feet or more, though the 
average devilfish spans half that. No matter what the tape 
measure says, they are fascinating, engaging, clever beasts 
and rank highly on the wish lists of many divers who visit 
Vancouver Island. Many GPOs are creeping about in the 
Campbell River area. On our last trip, after finding two 
of pipsqueak proportions, we finally happened upon an 
8-footer that was curious enough to spend 30 minutes 
interacting with us — yet another great BC memory I’m 
certain will come flooding back to me regularly.

A must-do during winter months is Hornby Island 
for its Steller sea lions. You are unlikely to find more 
welcoming ambassadors to the Emerald Sea than 

these aquatic puppy dogs. Shambling hulks on land, 
they transform underwater into playful sprites (albeit 
multihundred-pound sprites up to 10 feet long) who 
seem genuinely thrilled to entertain guests. They 
gracefully twist and spiral around you, blow bubbles, 
bark and generally get up to all kinds of mischief — 
tugging your fins, giving you bear hugs with their 
flippers, nibbling your camera and, not uncommonly, 
nibbling you. Depending on your luck or karma, the sea 
lions’ enthusiasm at having new playmates can develop 
into full-contact wrestling. Some divers may find their 
good-natured attentions a bit unnerving; others won’t 
be able to get enough of them.
 
NANAIMO: SHIPWRECKS TO SHORE DIVES 
Though it’s situated in the middle of our tale, Nanaimo 
is by default the starting point for many Vancouver 
Island drive and dive odysseys. Having crossed the 
water via ferry from the mainland, you’ll find yourself in 
the heart of the Harbor City. Why not test its sheltered 
waters for a day or three before heading up island or 
over to the west side? It’s a great place to reacclimate 
to using your gills, get your shipwreck fix or dive on the 
cheap from shore.

A main draw is undoubtedly Nanaimo’s wrecks. 
Two of Her Majesty’s naval fleet, the Saskatchewan 
and the Cape Breton, were meticulously prepared 
and then purposely sunk in 130 feet of seawater off 
Snake Island for their new mission in service of the 
dive community. What has transpired over the past 20 
years is nothing short of exceptional. Both ships are 
now superb artificial reefs, home to rich assemblages of 
invertebrates and fish. On the HMCS Saskatchewan, a 
366-foot-long Mackenzie-class destroyer escort, orange 
and white plumose sea anemones stand at attention 
inside the easily accessible bridge and decorate the 
radar platform, wreathing the wreck in an ethereal 
glow. Rockfish and lingcod loiter about, while baitfish 
shimmer above. Numerous passageways and rooms 
tempt divers into the shadows. 

Right next door is the larger HMCS Cape Breton 
warship, truly massive at 442 feet long and about 10,000 
tons. It too rests upright and is a pleasure to navigate. 
Anemones are in attendance, of course, as are fat 
cabezon, fields of feather stars and even small colonies 
of deepwater cloud sponge. 

Clark Rock is regularly requested by those looking for 
a little wolf-eel love. Hunting among the boulders at 
40 to 60 feet almost always yields at least a few of the 
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Clockwise from top left: Harbor seal (Phoca vitulina); vermilion rockfish (Sebastes miniatus) and fish-
eating sea anemone (Urticina piscivora) with copper rockfish (Sebastes caurinus) in the background; black 
rockfish (Sebastes melanops) and bull kelp (Nereocystis luetkeana); decorated warbonnet (Chirolophis 
decoratus); plumose sea anemones (Metridium farcimen) in the wheelhouse of the HMCS Saskatchewan, 
a 366-foot destroyer sunk off the coast of Nanaimo; spiny pink scallop (Chlamys hastata) (or smooth pink 
scallop [Chlamys rubida]) and green sea urchins (Strongylocentrotus droebachiensis); bluntnose sixgill 
shark (Hexanchus griseus); giant Pacific octopus (Enteroctopus dofleini)
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An orca (Orcinus orca) breaches. 
Technically dolphins, orcas are also 
called killer whales and can grow to 
33 feet long.
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snaggle-toothed, Muppet-faced monsters, some of which 
are quite friendly and slither right out of their lairs in 
expectance of a sea-urchin treat. Thirty minutes north 
of Nanaimo is Tyee Cove, an excellent, mellow shore 
dive popular for open-water training and another haunt 
of wolf-eels as well as perch, leather stars, swimming 
scallops and even GPOs. Octomaniacs will also like 
nearby Madrona Point, another top shore site and 
known hiding spot for multiple eight-armed rock stars.  

VICTORIA: SPLENDID DIVING ALONG 
VANCOUVER ISLAND’S SOUTHERN SHORE
Victoria has much to show for itself beneath the waves. 
And topside it’s a contender for first prize thanks to a 
brilliant mix of lovely weather, a happening city scene, 
tasty eats and plenty of active pursuits such as hiking, 
biking and whale watching. Pods of orcas are regularly 
sighted throughout summer and early fall, so your odds 
of seeing the Pacific Northwest’s totem animal slice 
through the sea and launch skyward in a breach are very 
high indeed.

We kick off things with a bang at West Race Rocks, 
whose claim to fame — besides strong currents and 
phenomenal marine life large and small — is its title as 
the first marine protected area in Canada. We cavort 
with sea lions in the shallows for 15 minutes while 
waiting for the ebb tide to peter out, then we weave 
our way through bull kelp stalks lined with hundreds 
of burgundy and silver-striped brooding anemones. As 
we get deeper, visibility opens up to 40 feet, and the 
thermometer registers a balmy 48°F. A shelving wall 
resplendent with urchins, hydrocorals and tunicates is 
our studio backdrop for a photo session with red Irish 
lords, decorator crabs and dahlia anemones. Only the 
incoming tide can send us back to the surface.

Back on board the boat, we motor west. Majestic and 
snow-mantled, Washington’s Olympic Mountains slide 
by on our left across the Strait of Juan de Fuca. Vancouver 
Island’s Metchosin and Sooke headlands are on our right 
shoulder. Swordfish Island can be dived off-slack and is 
an ideal follow-up to the current-dependent Race Rocks. 
This site’s signature feature is a swim-through on the 
northeast corner that’s sometimes hidden by a thick tangle 
of bull kelp. Inside the tunnel, which averages just 15 
feet deep, we find walls draped in splendid soft coral and 
sparkling white anemones, perfect for wide-angle pictures.

For an intro to fjord diving, drop deep at Senanus 
Island in Saanich Inlet north of the city. From 100 
feet to beyond 150, cloud sponges in all their eerie 
beauty await. If the force is with you and the tides are 

right, a shore dive at current-sensitive Ten Mile Point 
in the eponymous upscale Saanich neighborhood 
offers  remarkable macro photography. To shore dive 
with abandon even when the currents are screaming 
elsewhere, head to The Breakwater, the most popular 
dive in Victoria, day and night. Titan-sized stone blocks 
stacked neatly in tiers make for easy entry and provide 
prime real estate for marine denizens. We burn off the 
morning’s tea and crumpets by schlepping our gear a 
few hundred yards to submerge at dive flag marker 4. 

Our pain, our gain. Underwater the weightlessness is 
bliss, and we glide down the steps to 65 feet. Heading 
east we spy gunnels in the kelp stalks and chitons on 
the rock blocks. Cranky crustaceans brandish claws, and 
triton snails lay eggs. Ling cod are everywhere, big and 
bold and glowering at us. My imagination calls forth a 
multilevel state penitentiary. The Breakwater inmates 
look like trouble, and their sinister gazes shift to follow 
our every move. In truth, the lings are lazy and happy, as 
spearfishing is prohibited here. And that makes us happy.
 
BARKLEY SOUND: THE WILD WEST COAST
Winding along Alberni Inlet, the water smooth and 
silver like the back of a 25-mile-long snake, we’ve 
escaped to Barkley Sound and the Pacific Rim National 
Park. It’s a rugged, remote wilderness. Bald eagles perch 
in hemlocks and cedars, while a black bear emerges 
from dense foliage to stroll the intertidal. Three 
humpback whales exhale explosively, lift their flukes 
with a flourish and dive down to feed. 

Situated on Vancouver Island’s outer coastline, the 
sound’s diving is notably different. Many species here 
— giant kelp, fish-eating sea anemones, certain reef fish, 
various bryozoans, the purple-ringed topsnail — are 
infrequently seen on the inside shoreline. This is due in 
part to the influence of the Pacific swell and surge that 
are a result of open ocean exposure. Barkley’s reefs have 
a look all their own. As a bonus, one can dive many sites 
just about any time instead of having to wait for slack. This 
is because water moves in all directions through the tight 
island groupings, which tends to nullify the current flow.

Renate Reef is a broad, plateau-topped seamount 
rising to within 35 feet of the surface. Divers must 
sometimes contend with surge, but the life here is well 
worth it. Mounds of staghorn bryozoans resemble a 
tropical reef’s coral heads and hide purple- and gold-
ringed topsnails, camouflaged crabs and scalyhead 
sculpins. Strikingly scarlet vermilion rockfish hang 
deeper at the reef base. In the Kyen Point microcosm 
we discover a juvenile wolf-eel and electric-blue and 
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gold opalescent nudibranchs sliming their way 
through a turf of iridescent algae. Yellowtail rockfish 
are in squadron formation in the kelp atop the 
saddle-shaped reef’s ridges. At Chris Rock we see 
shimmering ratfish, most alien in appearance, gliding 
over the sand bottom. We glimpse a swimming 
Stomphia sea anemone lift off the rock to escape 
a hungry leather star. A surprisingly cooperative 
decorated warbonnet with bulging eyes and a 
disheveled punk hairdo monopolizes my bottom time 
at Seddall Island Wall. Alas, no gas is left to pursue 
pictures of other little beasties.

Barkley’s plankton-rich waters are stocked with 
giants. Sunflower stars 3 feet across roam about 
on 14 legs, plumose anemones resembling steroid-
pumped cauliflowers tower everywhere, and GPOs 
lurk in dens by day, anticipating their midnight 
meals. Super-sized jellyfish pulse by like luminescent 
spaceships in orbit. The holy grail of the area’s 
megafauna, however, may be the sixgill shark. During 
summer months, target Tyler Rock for a chance 
to swim alongside this “Jurassic shark,” a primitive 
elasmobranch ancestral to modern five-gilled shark 
species. Tyler Rock is one the few sites on Earth 
where the very lucky diver might encounter, at 
recreational depths on scuba, these enigmatic slow-
moving sharks that normally inhabit the deep sea. 

As I descend through my buddy’s bubbles and 
strain to see the bottom somewhere down there in 
the gloom, I flash back to an epic dive here some 15 
years ago. Memories come to life as a shadowy form 
takes shape. AD
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How to Dive It
CONDITIONS: In general, Vancouver Island’s mild climate means 
diving and topside fun year-round. (Extreme weather is possible 
outside of Port Hardy during winter months, however, which can 
limit diving opportunities there during December through February.) 
Each diving region has its own best season, so check with local 
operators. In general, autumn and winter months have better 
visibility (averaging 30 to 80 feet). Summer months deliver more sun, 
warmer weather topside (65°F to 85°F, depending on the region) and 
usually calmer seas. The water temperature averages about 50°F but 
varies between 45°F and 55°F, depending on the region and season. 
A full 7 mm wetsuit, semidry suit or drysuit is required. Drysuits are 
recommended for multiday diving trips. Topside weather is often 
glorious in late summer and fall, with daytime temps in the 70s°F.
 
TIDES AND CURRENTS: For currents and tides, consult Canadian 
Tide and Current Tables at tides.gc.ca/eng/find/region/1. Caution: 
Make sure you also consult experienced local divemasters and boat 
captains. Slack water can be difficult to predict using only a printed 
chart. We strongly recommend you begin your Vancouver Island diving 
by going with experienced, local operators. 

GENERAL VANCOUVER ISLAND TOURISM INFORMATION: hellobc.com/
vancouver-island.aspx
 
GETTING THERE: From British Columbia, take a ferry (bcferries.
com) from Tsawwassen or Horseshoe Bay (near Vancouver city) to 
Nanaimo or Victoria. From Washington, take a ferry (wsdot.wa.gov) 
from Anacortes to Sidney (just north of Victoria). Victoria Clipper 
passenger-only ferries (clippervacations.com) connect Seattle  
and Victoria. 

Access the following airports on Vancouver Island via Vancouver 
(city): Nanaimo (YCD), Victoria (YYJ), Port Hardy (YZT), Campbell 
River (YBL), Port Alberni (YPB).

A diver swims above a colorful wall carpeted 
with invertebrates including raspberry soft coral 
(Gersemia rubiformis), plumose sea anemones 
(Metridium senile) and yellow encrusting 
sponge (Myxilla lacunosa).



There are few Caribbean dive destinations with as much 
personal resonance to me as Cayman’s Sister Islands. I first 
visited Cayman Brac and Little Cayman in 1982, as they were 
on my hit list (along with their more populous and prosperous 
sibling, Grand Cayman) for my first-ever travel assignment for a 
dive magazine. In later years I would be back as a staff instructor 
for Cayman Brac’s Nikonos Shootout, a photo event that 
brought a couple of hundred underwater photo enthusiasts to 
the island for a week of competition, big prizes and lots of fun.

I’ve photographed unusual and charismatic marine animals 
that chanced upon these islands over the years, including Spot 
(a bottlenose dolphin) and Molly (a manta ray). Each has since 
moved on, but for a while they were reliably encountered, 
adding yet another element to the already significant portfolio 
of underwater photo opportunities in these islands. I even 
chose Cayman Brac as the destination to shoot the underwater 
lifestyle pictures for Nikon’s product catalog that introduced 
the Nikonos RS camera system in 1992.
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The deck guns on the wreck of 
the MV Captain Keith Tibbetts 

point off into the blue.
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ut that was then, and this is 
now. Despite more than three 
decades of diving these islands, 

I continually find inspiration. In 
more recent years I’ve chosen Little 
Cayman as the setting for my 
digital masters classes for the 

simple reasons that the water is so 
clear, the reefs are so colorful and target-

rich, and the fish populations are so tame and tolerant. 
Backscatter Underwater Video and Photo has done the 
same, hosting their Digital Shootout in Little Cayman 
every other year. What makes these islands so special?

From a diver’s point of view, the Cayman Islands 
are small bits of land that rise from the sea, the upper 
elevations of a submarine ridge that extends from 
Belize to Cuba, rising 25,000 feet to form the northern 
edge of the Cayman Trench. Created by volcanic 
activity more than 50 million years ago, the structure 
is nearly vertical, at least underwater. Larger pelagic 
species ply the deep water surrounding the islands, 
and the shallow mangrove-shrouded lagoons along the 
shores provide an ever-replenished nursery for fish 
that ultimately migrate to the coral reefs. Add to that 
a legacy of marine conservation, and the conditions 
are propitious for diverse and abundant marine life. 

The above-water geography is quite flat. Cayman 
Brac’s high point, a bluff at the east end of the island, 
is 140 feet above sea level, while Little Cayman’s is 
only 40 feet above the surface. Cayman Brac’s total 
area is just 15 square miles, and Little Cayman’s is 10. 
Such small islands have very little runoff to degrade 
visibility. With no rivers and minimal population 
influences, there are few Caribbean islands that have 
less terrestrial impact on their underwater wonders. 
Water clarity benefits as a result.

Situated south of Cuba and northwest of Jamaica, 
the islands are just 450 miles south of Miami. This 

makes for a short flight, but the islands are a world 
away. There are only about 200 full-time residents on 
Little Cayman and 2,000 on Cayman Brac. Of course, 
the number of dive tourists can swell the population 
at any given time, but even so the resorts are small, 
intimate and highly targeted to the scuba lifestyle.

The Cayman Islands Department of Tourism has 
officially named 365 dive sites surrounding Grand 
Cayman and its sisters, one for each day of the year. 
Of these they attribute 65 sites to Cayman Brac and 
60 to Little Cayman. There is enough dive diversity to 
occupy even the most dedicated diver for a two-week 
holiday. Most dive sites can be reached in 10 to 20 
minutes. The farthest one might ever cruise to a site 
would be about 45 minutes, and that would be for special 
expeditions — to sites along the bluff on Cayman Brac, 
for example, or to commute between Little Cayman 
and Cayman Brac. Most dive packages for either island 
will include at least one day visiting the other. From 
Little Cayman you’d want to visit Cayman Brac’s Tibbetts 
shipwreck, and divers on Cayman Brac wouldn’t want 
to miss at least a day on Bloody Bay Wall. Wrecks, walls 
and shallow reefs are the underwater attractions that 
drive tourism in the Sister Islands. The topside ambiance 
is quiet and laid back, and for many that’s a highlight. 

CAYMAN BRAC
Cayman Brac is 12 miles long but only 1 mile wide, 
with the western part of the island flat and relatively 
featureless aside from Ironshore Formation limestone 
on one side and a white sandy beach on the other. 
There is a scenic limestone bluff to the east that gives 
the island its name (brac is Gaelic for “bluff”). Most of 
the diving is along the northwest tip of the island, with 
the most popular wall dives and the iconic shipwreck 
MV Captain Keith Tibbetts a short boat ride from 
the island’s most popular dive resort. These sites are 
also the nearest reach for day boats traveling to the 
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Brac from Little Cayman, but with so little boat traffic 
and such good cooperation among dive operators there 
are always open mooring buoys on Cayman Brac.

Several shallow reefs lie near the wreck, making it 
perfect for a morning two-tank dive featuring a wall 
or the Tibbetts for the first dive and a long, leisurely 
second dive on a high-profile spur-and-groove reef for 
the second.

The Captain Keith Tibbetts is perhaps the most 
noteworthy of Cayman Brac’s sites, if only because it is 
the only really compelling wreck dive on either of the 
islands. There are other historical shipwrecks, such as 
the Prince Frederick and the Kissimmee on Cayman 
Brac and the Soto Trader on Little Cayman, but these 
are smaller vessels and don’t offer the marine life 
habitat or dramatic structure of the Tibbetts.

Sunk as a dive attraction on Sept. 17, 1996, the 
wreck is alternatively known as “the Russian destroyer,” 
although that is not an accurate appellation since it’s 
a frigate, not a destroyer. Built in 1984 in Nakhodka, 
Russia, it carried the designation number 356, which 
for many years was still visibly emblazoned on the 
hull. The wreck is 330 feet long with a 43-foot beam. 
It had been mothballed in Cuba when it was acquired 
by a consortium of dive operators and the Cayman 
government, then cleaned of contaminants and placed 
along a sand slope with the bow rising from about 110 
to 80 feet and the stern deck at about 45 feet. It is an 
easy multilevel dive with no current and, more often 
than not, extraordinary water clarity. The Tibbetts holds 
some resident fish, most notably barracuda and goliath 
grouper, but it is the rich sponge colonization that best 
defines this wreck. There are still gun emplacements 
fore and aft, which is unusual for those used to diving 
shipwrecks provided by the U.S. government, which 
normally removes the gun barrels prior to donation.

The Tibbetts’ superstructure is aluminum, which 
in combination with its 10,000-horsepower turbine 

engines meant it was light and fast (it could cruise 
at up to 30 knots). The electrolysis between the steel 
bow and aluminum superstructure combined with 
the ravages of surge have twisted and broken the ship, 
but it remains one of the most iconic underwater 
attractions of the Cayman Islands.

One of my favorite wall dives is East Chute and what 
used to be the wreck of the Cayman Mariner. Once a 
crew boat working in the oil patch off Louisiana, years 
of storms have pounded it into little more than a debris 
field with at least one photogenic porthole remaining. 
You probably wouldn’t go out of your way to dive this 
shipwreck, but it does mark the beginning of a deep sandy 
valley that punctuates the wall here. The vertical face of 
the wall begins at about 70 feet, and large coral mounds 
surrounding the valley rise to about 45 feet. Green tube 
and orange elephant-ear sponges decorate the wall.

Many of the Brac dive sites earned their names from 
shore structures that boat captains used as references 
before mooring buoys were installed. Buccaneer Reef, 
Schoolhouse Wall and Cemetery Wall are examples, 
as is one of the easternmost sites along the island’s north 
side, Greenhouse. The topography is typical of many of 
the island’s shallow reefs, with familiar parallel spurs of 
coral. Many are ancient star corals, undercut and now 
mushroom-shaped. Given that these coral heads were 
likely alive when Blackbeard used to hide out on the Brac, 
a little erosion with age is to be expected. The crevices 
along the coral canyons are populated with grunt and 

From far left: A hawksbill turtle cruises the shallow reef along 
Jackson Bight. Caribbean reef sharks are occasionally seen off 
Little Cayman, particularly when lionfish are being culled. The 
Tibbetts shipwreck on Cayman Brac has become lavishly decorated 
with sponge in the 20 years it has been on the bottom. Schools of 
schoolmaster snapper shelter beneath a coral ledge at Greenhouse 
Reef on Cayman Brac.
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schoolmaster snapper, and large green morays can be 
seen freely swimming about the reef. Butterflyfish are 
well suited for foraging amid the reef crannies, and it is 
common to see angelfish here as well.

Because of the prevailing winds, much of the diving 
is done off the west and north sides of the island, but 
there are several great sites off the southern and eastern 
shores. Anchor Wall is a particularly photogenic 
south-side site with a giant and very old anchor 
embedded in a deep coral crevice about 4 feet above 
the seafloor at 100 feet. Orange encrusting sponge now 
decorate the anchor’s shank and flukes; to give a sense 
of its immense size in the photo, I like to bring a model 
in from the seaward side, just behind the anchor.

Although it is a long run, most dive operations try 
to get their groups to the east end, weather permitting, 
at least once during their stay. This trip gives a nice 
overview of the island’s topography, particularly the 
bluff, which is all the more imposing when viewed 
from sea level. Rock Monster Chimney, Son of 
Rock Monster and Ken’s Mountain are all popular 
destinations for a bluff run. Here the wall begins at 
about 60 feet, with giant sand canyons that cleave the 
substrate. The crevices are overgrown and provide 
swim-through tunnels along the wall. There may be 
more current here than along the island’s west side, 
but the payoff is visibility that can exceed 150 feet. 
There is so much high-profile shelter from flow that 
current tends not to be an issue anyway.

LITTLE CAYMAN
Lying 7 miles from Cayman Brac and 86 miles from 
Grand Cayman is Little Cayman. If you were given a 
blank slate and a magic pen and were told to create a 
dive destination, you just might draw Little Cayman. 
First, make a 9-mile-long and 1-mile-wide oblong 
shape. Then add a little 11-acre patch of an island off 
the south side, near enough to kayak to but far enough 
away to serve as a bird sanctuary (that would be Owen 
Island). Then add some scenic white sand beach along 
the island’s south side, and on the north side, which 
features the best diving, make an ironshore to keep 
the visibility optimal. Put some high-profile spur-and-
groove coral formations along the south side so there’s 
good diving no matter the wind direction. On the north 
side render a wide, shallow plateau that could host 

high-profile star corals and lots of gorgonian. Carve out 
a vertical wall that begins as shallow as 18 feet and then 
plunges to 6,000, and have it all washed by the indigo 
waters that pass through the Cayman Trench. Make 
sure it is semiarid with no rivers to ensure the best 
possible water clarity, and then keep the population tiny 
to minimize the impact from cars or sewage. Sprinkle 
in lots of sea turtles, friendly grouper and large schools 
of grunt and schoolmaster snapper. Add a few sharks, 
some eagle rays and some green morays, and then on 
top of it all lay a marine park so that all the pretty things 
you envisioned are protected and preserved. Then you 
would have Little Cayman.

When I was there last October we had unseasonably 
windy conditions, which I wouldn’t normally mention 
because it was so unusual. But it kept us diving the 
south side of the island for several days, and I had 
never before done much of that. Normally we’d 
motor right by all those south-side reefs on the way 
to the better-known sites along the north side such as 
Bloody Bay Wall and Jackson Bight. But this time 
we explored some of the southern sites, including 
Charlie’s Chimney, Pirate Point Reef, Windsock 
Reef and Grundy’s Gardens. I’m sure with more time 
I could come to discern the fine distinctions between 
these sites, but in broad strokes they seemed to offer 
similar hard-pan shallows that gradually build into 
spur-and-groove channels of high-profile corals that 
slope down to a sandy, 45- to 50-foot-deep seafloor 
punctuated by large clusters of 15- to 20-foot-high 
coral. All of this slopes very gradually seaward before 
plunging vertically from a depth of about 80 feet. The 
corals are quite nice and provide habitat for grouper, 
turtle, rays (both stingrays and eagle rays), trumpetfish, 
jacks and angelfish. While the frequency of significant 
marine life encounters here may not be as high as 
that on Bloody Bay Wall, these are very nice dives and 
sometimes deliver decidedly different vistas than those 
found on the other side of the island. Granted, it is 
hard to not choose Bloody Bay and Jackson Bight when 
the conditions permit, but I was glad for the windy 
conditions just so I could experience a bit of Little 
Cayman I’d never known before.

The sites along Jackson Bight have been more 
productive for me over the years in terms of pelagic 
encounters. In the prelionfish years this was the best 
site for seeing sharks, but these days Caribbean reef 
sharks often appear wherever lionfish culling takes 
place. The large sandy arenas of sites such as Eagle 
Ray Roundup are predictably good for eagle ray 

Opposite: A free-swimming green moray eel makes for a dynamic 
photo opportunity on Cayman Brac’s Buccaneer Reef.



86  |  WINTER 2017

sightings (hence the name) as the animals swoop in to 
root for small crustaceans buried in the sand. 

While most Jackson Bight sites feature a large coral 
buttress along the seaward edge of the wall, Cumber’s Caves 
is different. It has the usual large sand plain on the shoreward 
side, but this one is populated by hundreds of garden eels. 
Southern stingrays cruise in a tireless search for invertebrates 
they can suck from the sand. The site gets its name from a 
series of what must have been sand chutes exiting the wall 
but eventually were overgrown with coral at the top, creating 
a series of swim-throughs that begin at 40 feet and exit the 
wall at 60 to 120 feet. Some of the caves are rather bland, but 
others are colorfully decorated with sponge, which makes for 
stunning wide-angle photos (assuming you are quick enough 
to get your shot before the particulate raining down from 
your exhaust bubbles creates a storm of backscatter).

The Sister Islands’ most famous sites are those along the 
Bloody Bay Wall, and their fame is well deserved. Their 
names are carved into our collective consciousness and 
passed along from diver to diver when recalling the great 
wall dives of the Caribbean. At Three Fathom Wall (also 
known as Mixing Bowl) the wall starts (as you would 
expect) at 18 feet, where a large cleft in the wall divides 
Jackson Bight to the east and Bloody Bay to the west. Big 
schools of grunt surround star corals here, and vibrant 
sponge dot the wall, even at 40 feet and shallower. At Hole 
in the Wall the vertical precipice is replicated (a bit deeper 
here at around 24 feet), but there is a large open passageway 
that begins shallow and exits on the wall at 65 feet. This is 
the site’s namesake structure. Numerous cleaning stations 
provide access to typically skittish fish such as the tiger 
grouper, and like almost any site along Bloody Bay Wall, 
green sea turtles are common. Randy’s Gazebo also has a 
swim-through chimney that exits on the wall, but its most 
notable feature is a highly decorated coral condominium on 
a ledge seaward of the wall face.

No matter which of the dozens of Bloody Bay sites you 
dive, the common denominators are abundant marine life 
and, just as significantly, friendly fish. This is an artifact 
of decades of protection in Bloody Bay Marine Park. The 
grouper will swim right up to your face mask, totally 
unafraid, and the turtles will, too. Perhaps this is why it 
has become so popular for underwater photography. They 
say if it were easy, everyone would do it. Well, it is here, 
and they do. AD

From top: The overgrown reef offers dramatic swim-throughs 
along both Bloody Bay and Jackson Bight on Little Cayman. The 
south sides of both Cayman Brac and Little Cayman offer isolated 
concentrations of nicely intact elkhorn coral.

Opposite: Bloody Bay Wall on Little Cayman is famous for its 
tame, charismatic Nassau grouper.
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How to Dive It
GETTING THERE: The Cayman Islands, Grand 
Cayman in particular, are among the Caribbean’s 
most easily accessed destinations, with direct 
flights from numerous carriers, including the 
nation’s flag carrier, Cayman Airways, which 
arrives daily at Owen Roberts International 
Airport. The Sister Islands present a bit 
more of a challenge, as they require 
connecting flights. Cayman Brac’s 
Charles Kirkconnell International Airport 
has a 6,000-foot runway that can 
accommodate a Cayman Airways 737 
(as well as a de Havilland DHC Twin 
Otter operated by Cayman Airways 
Express out of Grand Cayman. Little 
Cayman’s 3,200-foot grass and 
gravel runway is too small for the jet, 
but the Twin Otter lands there several 
times a day.

When traveling to Cayman Brac or 
Little Cayman via the Twin Otter service, 
the baggage allowance is 55 pounds per 
person (combined weight of up to two 
pieces) and one 15-pound carry-on. Excess 
is charged at US$0.50 per pound. I have found 
the airline to be more lenient on incoming flights 
because they understand that passengers typically 
connect from larger aircraft. On the outgoing leg back to 
Grand Cayman, however, they tend to adhere to the letter 
of their law. The baggage restrictions on the 737 to Cayman 
Brac are no more stringent than normal international flights. On 
Cayman Air, for example, the allowance is two free checked bags 
of up to 55 pounds each and a carry-on of up to 40 pounds. 

CONDITIONS: The water temperature is usually 81°F-85°F 
year round, so a 3 mm wetsuit is perfect. Air temperatures are 
balmy (75°F-88°F) with the occasional cold snap dropping it 
below 60°F. Visibility in the Sister Islands ranges from good to 
outstanding — 60-150 feet unless there is a strong, consistent 

wind. When the north wind picks up, the waves can batter 
the ironshore and stir up sediment on the shallow hardpan 
seafloor, creating turbidity. The good news is that this leaves the 
southern dive sites with good visibility. It takes a heavy tropical 
disturbance to cause days of lost diving in the Sister Islands, 
but with hurricanes, obviously that does happen. Some pretty 

heavy tropical systems have lashed the 
Sister Islands over the years, but they 
are well predicted, and travelers will 
generally know about significant weather 
in advance.

Dive operations prefer that recreational 
scuba be kept to 100 feet and shallower, 
but there is a lot of technical diving done 
in the Cayman Island to considerable 
depth. Currents aren’t often an issue, 
and most diving is done in reasonably 
calm conditions. The dive operations are 
professional and safe, and most operate 
large and seaworthy boats. There is 
a hyperbaric chamber in Georgetown, 
Grand Cayman. 
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ADELIE PENGUINS ON THE LONG WALK 
FROM CAPE ROYDS
 
In recent decades, sea ice around the Antarctic 
Peninsula is not only much less extensive, but in 
some areas it is also retreating a month earlier in 
the spring and advancing two full months later in 
the fall. But climate change is complicated. In stark 
contrast to the Antarctic Peninsula, the extent of 
sea ice in the Ross Sea has actually been increasing 
in the recent past. This temporary situation can be 
traced to stronger katabatic winds, which push sea 
ice away from shore, exposing open water, which 
then freezes into new sea ice and is pushed out to 
sea when the winds pick up again. 

Accustomed to walking only a few kilometers to find 
open water to hunt, Cape Royds’ Adelie penguins 
were forced to walk more than 30 miles in 2009. 
Mates waiting with eggs and small chicks started 
to starve and had to abandon nests to go find food 
themselves. Eighty-five percent of the nests failed. 
All creatures in Antarctica are in a race to adapt.



ANCHOR ICE
 
Super-cooled saltwater mixes with meltwater from the ice shelf, 
and the combination is less salty and more buoyant. Thus, instead 
of sinking, as cold brine does, the super-cooled shelfwater rises 
from under the ice shelves in plumes, pooling under the sea ice and 
creating a super-cooled layer that can measure up to 100 feet thick. 
Where this mass of water touches the seafloor, fields of delicate 
stalagmites grow on the rocks, providing hiding places for all 
manner of benthic creatures and even fish.
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Last October I saw an article by Brian Clark Howard on 
NationalGeographic.com that warmed my heart, even as it 
discussed one of the coldest places on the planet:

A remote and largely pristine stretch of ocean off 
Antarctica received international protection on Friday, 
becoming the world’s largest marine reserve as a broad 
coalition of countries came together to protect 598,000 
square miles of water.…

South of New Zealand and deep in the Southern (or 
Antarctic) Ocean, the 1.9-million-square-mile Ross 
Sea is sometimes called the “Last Ocean” because it is 
largely untouched by humans. Its nutrient-rich waters 
are the most productive in the Antarctic, leading to huge 
plankton and krill blooms that support vast numbers of 
fish, seals, penguins, and whales.

Some 16,000 species are thought to call the Ross Sea home, 
many of them uniquely adapted to the cold environment. 
A 2011 study in the journal Biological Conservation called 
the Ross Sea “the least altered marine ecosystem on Earth,” 
citing intact communities of emperor and Adelie penguins, 
crabeater seals, orcas, and minke whales.

The sea’s remoteness has meant it has largely escaped 
the heavy fishing and shipping pressure that has 
impacted so much of the world’s ocean, although rising 
prices for seafood and the low cost of fuel have made 
some fishermen eye the waters as potential new grounds 
in recent years. Some fishing already occurred there for 
Antarctic toothfish, a predatory fish that is sold as the 
highly prized Chilean sea bass. 

But fishing will no longer be allowed in 432,000 square 
miles of the new reserve (some toothfish fishing is expected 
to proceed in a specially designated zone in the remainder 
of the protected area). The new protection will go into 
force on December 1, 2017.

The newly protected area “shows that the world can 
successfully cooperate on global environmental issues,” 
says Enric Sala, a marine biologist and National 
Geographic Explorer-in-Residence who leads the Pristine 
Seas project.

“The Ross Sea is probably the largest ocean wilderness 
left on our planet,” he says. “It is the Serengeti of 
Antarctica, a wild place full of wildlife such as emperor 
penguins, leopard seals, minke whales, and killer whales. 
It’s one of these rare places where humans are only 
visitors and large animals rule.”

With this environmental success story as background, I 
went to the man who was the primary visual architect of 
Ross Sea conservation, John Weller, to learn more.

IMAGING
SHOOTER

“THE ROSS SEA IS 
PROBABLY THE LARGEST 
OCEAN WILDERNESS LEFT 

ON OUR PLANET,” HE 
SAYS. “IT IS THE SERENGETI 

OF ANTARCTICA, A WILD 
PLACE FULL OF WILDLIFE 

SUCH AS EMPEROR 
PENGUINS, LEOPARD 

SEALS, MINKE WHALES, 
AND KILLER WHALES. 

IT’S ONE OF THESE RARE 
PLACES WHERE HUMANS 
ARE ONLY VISITORS AND 
LARGE ANIMALS RULE.”



STEPHEN FRINK: I became aware of the Ross Sea 
in a conversation with Sylvia Earle, Ph.D., coincident 
with her declaration of the region as one of her “Hope 
Spots.” She suggested I look at your photography to 
gain greater insight into the region. I was blown away 
by the artistry and passion evident in your photos but 
also by the physical challenges you underwent to bring 
home such meaningful images from such a difficult 
environment. Of course, that prompted a cover story 
in the Winter 2013 issue of Alert Diver. Tell me a little 
bit about yourself and the forks in the road that led 
you to the Ross Sea.

JOHN WELLER: First off, thank you, Stephen. That 
means a lot. The Ross Sea conservation story has 
been a central part of my being, consuming much of 
my professional life over the past 15 years. It has also 
had a tremendous impact on my personal life as it 
introduced me to my wife, Cassandra, and led to our 

daughter. Cassie did her master’s degree on toothfish, 
and I had read one of her papers. She’s spent more 
time on boats in Antarctica than I have — and as a 
researcher. She is one of my heroes. Her doctoral 
dissertation relates to the Ross Sea, so as you can 
imagine we’ve had lively conversations about all things 
Antarctica over the years. But for me, photography 
was the hook that brought me there.

As a kid growing up in Boulder, Colo., I was obsessive 
about photography. My parents gave me my first 
camera, a 110-film point-and-shoot, when I was 4, 
and by the time I was 8 I’d graduated to my mom’s 
Nikon FM2 with a 300mm telephoto lens. Sitting 
for hours watching birds and photographing wildlife 
became a lifelong passion. I went to college to study 
environmental economics, but I remained torn about 
my life’s direction. My sister gave me sage advice at the 
height of my angst. She said I should be a poet. Any 
poetry I was capable of came through a camera, so I 
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PHOTOGRAPHY 
FOR A CAUSE



accepted her challenge. I called a photographer I had 
known since childhood, Perry Conway. He said if this 
was the real deal I should be prepared to

1. Go into debt
2. Live at home because “you won’t be making  
 any money at the start”
3. Go to Yosemite and train under Bill Neill

SF: I know the photography of William Neill. He 
won the Ansel Adams Award for Conservation 
Photography from the Sierra Club in 1995 
and is one of the great American landscape 
photographers. Is it that easy to go train with him?

JW: Well, that’s where Perry came in — he introduced 
me to Bill. Then it was easy because Bill is so warm 
and welcoming as well as being a truly great artist. I 
stayed for two years; I didn’t just train under him, his 
family became my family. I was shooting all color then 
— Kodachrome with long lenses — but as you’d expect 
in Yosemite, I began working with medium- and large-
format film as well. As much as I loved that mountain 
wilderness, I was drawn ever closer to the ocean. Soon 
all my spare time was spent at Point Reyes National 
Seashore in California, where I would shoot and write 
and think about how to intimately capture the seascape. 

By 2000 I was back in Boulder living with my parents, 
but I had a critical mass of significant images to justify 
an art exhibit. A collector purchased $70,000 worth of 
my prints from my show, and all of a sudden I had the 
resources to take it to the next level. I didn’t blow the 
money; I continued living at home and traipsed all over 
the West looking for my next visual inspiration. I found 
it in the Great Sand Dunes in Colorado’s San Luis 
Valley. Every month for three and a half years I’d walk 
deep into the dunes to camp and shoot, for a week at a 
time usually. It was transformative. This was wilderness 
in which I never saw another person. 

Learning to appreciate that ecosystem’s intricate 
connectivity filled me with joy. I was beginning to 
understand conservation too, because a developer 
bought the adjacent land with intentions to drill into 
the crucial underlying aquifer and pump the water 
to Denver. I watched in amazement as a coalition of 
NGOs [nongovernmental organizations], the National 
Park Service and even local ranchers aligned together 
with the goal of keeping the water underground. 
They actually stopped the development and saved the 
dunes, demonstrating that conservation is not just 
about protecting animals, it is about protecting people. 

I wrote and published a photo book on the Great Sand 
Dunes — my first book of poetry, if you will. But I 
wanted my photography to be on the front line of a 
very meaningful conservation story. I wanted to be a 
driver, not just a reporter.  

SF: That’s still a long way from Antarctica 
and your Last Ocean project, and I haven’t yet 
discerned anything that really prepared you for the 
kind of photography you did there. 

JW: The Ross Sea story found me in the fall of 2004 
during a conversation with a high-school friend, Heidi 
Geisz, who worked at Palmer Station, Antarctica, on a 
penguin research team. She gave me a newly published 
paper by Antarctic ecologist David Ainley titled 
“Acquiring a ‘Base Datum of Normality’ for a Marine 
Ecosystem: The Ross Sea, Antarctica.” In this paper, 
Ainley lays out the story of the Ross Sea, presenting 
evidence that it is the last large intact marine 
ecosystem on Earth. A fast-expanding fishery in the 
Ross Sea meant that this place would soon be gone. I 
didn’t know much about the ocean at that point, and 
the thought that there was one last undamaged place 
was inconceivable. It kept me up at night. I wrote to 
Ainley and requested a meeting. Two weeks later I met 
him at his home in California. We enlisted each other 
to tell this story and have worked together ever since. 

The strategy that I initially imagined was to create a 
tidal wave of media based on the most beautiful art I 
could muster, build a global community and convince 
legislators to enact protections. But really I wanted 
to change global culture. How I would attempt that, I 
had no idea.

I started by concentrating on the photography. The 
story, obviously, was largely underwater, so I had to 
learn underwater photography, and I had never dived. 
Through another friend I approached the legendary 
Bill Curtsinger. He set me on the path, but it would 
take four years and more than 400 photography dives 
(mostly in Bonaire, but also in northern Minnesota in 
the winter for drysuit training) before I finally earned 
the opportunity to dive under the ice.

In 2006 I cold-called Francesco Contini of Quark 
Expeditions, which was sending an icebreaker to the 
Ross Sea. By the end of the week he had offered full 
support, enabling me and my new partner, filmmaker 
Peter Young, to visit the Ross Sea for two months that 
season. This finally brought me to the edge of the ice.

I went back to Antarctica once more with Quark 
the following year. The year after that (the 2008-2009 
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season), I finally got down there to dive through 
the National Science Foundation. After that, I 
had all the imagery I needed to play my role in 
what followed.

SF: I look at your photography and admire not 
only your vision but also the environmental 
adversity you must have had to overcome to 
work there. Is it as hard as it looks?

JW: Again, thank you. But the photography is 
surprisingly easy, except for the effect the cold water 
had on battery life — I needed lithium batteries for 
my strobes. Also, remember I was working with 
2006 technology. The high ISO capabilities of today’s 
cameras would have been welcome, but the best at 
the time was my Canon 1Ds Mark II (in a Seacam 
housing with Inon Z-240 strobes). It was physically 
cold, but it was so stunningly beautiful I often didn’t 
notice the cold until my hands started aching and 
straining against the stiff drysuit gloves. Doug Allan 
of the BBC gave me a pair of his three-finger wet 
mittens, which gave my hands more freedom, and 
that was transformational for my work.

PACK ICE
 
The Inuit peoples of northern Alaska have 97 words to describe sea ice. We were 
cutting through a painting. Sea ice forms every year as temperatures drop to 
–40°F, freezing into an unbroken sheet of ice up to 10 feet thick, effectively 
doubling the size of the continent. In between the freeze and the melt, this desert 
of drifting ice forms the basis for one of the largest, richest and most dynamic 
ecosystems on Earth.
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SOUTHERN OCEAN WAVE
 
In a pocket between towering 30-foot swells, the icebreaker rolled 35 degrees 
left then right, sending an angry curtain of salt-white spray 50 feet into the air. 
I lasted only 10 minutes photographing on a low deck, strapped to the handrail 
with a climbing harness. It was terrifying, yet the raw power of the waves and 
spray sent my heart racing as I rode the great green and yellow chariot south 
from New Zealand toward the southernmost body of water in the world.
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WEDDELL SEAL AND PUP
 
The southernmost breeding mammals in the world, Weddell seals 
live in McMurdo Sound all year long. But to pull this off they must 
at times dive half a mile deep, enduring the pressure of a car 
crusher, and stay submerged for an hour and a half. They must 
also eat their way through the ice to keep their dive holes open 
through the winter.

BBC FILMING UNDER THE ICE
 
Beneath the seal colony the ocean floor was a mosaic. Nemertean worms, more 
than 6 feet long, snaked through a carpet of lurid sea stars. Urchins tiptoed on their 
many spines. Every creature was either eating or hunting, but it was all happening 
in slow motion. I joined a team of BBC filmmakers who had deployed time-lapse 
cameras to reveal the concerted industry of the seafloor. Seen at high speed, sea 
stars stormed up the slope en masse as an advancing army of singular purpose. 
The target of the attack was an unlucky Weddell seal pup, which had died under the 
ice and sunk to the bottom on the shallow underwater shelf. 



The visibility was perhaps the best on the planet. 
Water clarity was measured in excess of 1,000 feet 
because there is no phytoplankton and no current. 
Buoyancy was initially a challenge because the water is 
so clear there aren’t any visual referents floating in the 
water column. 

SF: I’m not so naive as to believe that beautiful 
images are enough to effect change. There had 
to be political consensus as well. How did that 
happen?

JW: Once I had assembled the imagery I started to 
publish articles and, eventually, a coffee-table book, 
The Last Ocean. All this time I was doing talks and 
presentations — first to family and friends, then to their 
friends, then to donors and as a guest speaker. I started 
a website, and I helped build the Last Ocean Charitable 
Trust, which Young founded in New Zealand. We were 
finding allies, such as the Antarctic and Southern Ocean 
Alliance (ASOC), building a community and developing 
a voice. At the time, one big issue was that there was 
no consolidated paper that fleshed out the state of 
the Ross Sea and could be used as a base for making a 
Ross Sea marine protected area (MPA) proposal. Our 
solution was to organize and fund a symposium at the 
2009 International Marine Conservation Congress 
(IMCC) with top Ross Sea scientists from different 
disciplines. Ainley incorporated the work of all into a 
massive 100-page bioregionalization paper used as the 
basis in the eventual development of the Ross Sea MPA 
proposal, and it is still the definitive paper on the Ross 
Sea ecosystem. I am a coauthor and am very proud of 
this contribution. 

Throughout this project I have continued 
fundraising, both for my own work and as 
contributions to other aspects of the process. In 
all I have raised more than $1 million and received 
incredible support from individuals and organizations, 
including the Pew Fellows Program in Marine 
Conservation, Dan Cohen, the Ocean Foundation and 
most recently the Safina Center. New NGOs were 
formed and joined the fight. The Antarctic Ocean 
Alliance (AOA) got celebrities involved, including 
Leonardo DiCaprio, and collected more than a million 
signatures on a petition to protect the Southern Ocean. 
The Pew Charitable Trusts applied its formidable 
strength to the issue and used the work in other 
creative ways, including distributing copies of my book 

directly to Commission for the Conservation of Antarctic 
Marine Living Resources (CCAMLR) delegates and to 
help inform and inspire U.S. Secretary of State John 
Kerry, who became the linchpin of the whole process 
at the end. 

SF: I’m hearing that the images might have been 
a touchstone, but it took a movement with the 
engagement of many, including Secretary Kerry.

JW: That’s absolutely true. Ainley really started the 
ball rolling; together we gave it an initial big push, and 
then we were able to help keep it rolling as we worked 
with more and more partners — the images were used 
all over the world. The establishment of the Ross Sea 
MPA involved thousands of dedicated people, fighting 
battles in boardrooms and scientific journals and in the 
media. It has been a very long, bumpy ride. I will say 
this: I am proud. When Ainley and I started working 
on this, one of the first meetings we had was with 
Polly Penhale at the National Science Foundation. She 
told us, and I can nearly quote: “An MPA will likely 
never happen, but if it does, it will take a decade.” That 
was in 2005, so she was wrong. It took 11 years. I am 
mostly proud because I didn’t let go, and I left it all 
on the field, as they say. There were too many dead 
ends to count. I chased ideas until they died, and then 
rebooted and changed direction.

I’ll also say this: The fight is not over, even for the 
Ross Sea. The MPA is far from perfect: It leaves the 
controversial toothfish fishery largely untouched 
and leaves important toothfish habitat outside the 
boundary of the MPA. But it was an incredible, 
improbable, almost inconceivable step forward. It was 
a peace treaty. Since the beginning I have believed that 
a Ross Sea MPA would be a keystone in the fight to 
redefine our relationship with the ocean. 

Some time ago Sylvia Earle quipped, “If we can’t 
protect the Ross Sea, what can we protect?” But I like 
to think of it the other way around: If we can manage 
to protect the Ross Sea, to assemble a consensus of 
two-dozen nations in defense of the last pristine place, 
what can’t we do? I believe that the floodgates have 
finally opened, and the rest of my life will be devoted to 
increasing the flow. I had been working on the Ross Sea 
issue for 10 years before I really understood what was at 
stake. The birth of my daughter pulled everything into 
focus for me. I knew what I was fighting for literally 
from the moment she was born.
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“IF WE CAN’T PROTECT THE ROSS SEA, 
WHAT CAN WE PROTECT?”
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Lines of adult emperors slid on their bellies to and from their colony, 6 miles across the sea ice toward the black cliffs. Groups 
of juvenile birds, still dressed in their downy suits, also traversed the ice to the water’s edge. Though they still had more than a 
month before they could safely take their first plunge, the young birds were already looking out to sea. Parents and chicks know 
each other’s unique voices and reunite by calling back and forth when the adults return with food. As we skirted around the base 
of the berg, the concert of several thousand voices reflected off the wall of ice behind us, so we sat and listened in stereo.

  TIANANMEN SQUARE IN THE SOUTHERN OCEAN:   
  EMPEROR PENGUIN AND ICEBREAKER
 

On Oct. 28, 2016, the Commission for the Conservation of Antarctic 
Marine Living Resources declared the world’s first large-scale 
international marine protected area (MPA) in the Ross Sea, Antarctica. 
It is the world’s largest MPA, and it protects the last large intact 
marine ecosystem on Earth. The final deal was struck, and when it 
was announced the room erupted. People were standing, clapping, 
cheering, crying. Nations were literally hugging other nations. 

This was not just a massive win for Antarctica. It was not just a 
massive win for the conservation of our global oceans, though it was 
both. This was also a peace treaty. If we all work together, I believe 
it is a blueprint for the future of our oceans.

  EPIMERIID AMPHIPOD
 

Some benthic species adapt to the cold water by growing into 
giants, and sea spiders the size of dinner plates walked with bizarre 
strides, sometimes taking freeloading passengers along for the ride 
on their lobster-red legs. My favorite was a little armored tank, the 
epimeriid amphipod, which walked the endless maze of anchor ice.

  DAVID AINLEY
 

David Ainley, Ph.D., more or less started the drive for a Ross Sea 
marine protected area. A consummate observational scientist, he 
has studied Adélie penguins for more than 40 years. He watches 
intently, recognizing subtle patterns, thoroughly researching every 
relevant angle and slowly assembling the puzzle pieces to see 
more clearly into the world around him. 

In the late 1990s, nations were readying their ships in preparation 
to expand industrial fishing even farther into Antarctic waters. 
Ainley could see the danger, and in 2004 he wrote the paper that 
inspired my journey. 

AD
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Model Mida poses during a body-paint 
shoot. Note the blue filtered backlight 
and the subtle use of translucent fabric 
to add color and texture.



M
ost underwater photographers 
start as divers. In my case, I 
was a photographer long before 
I began diving. In fact, I went to 
art school and have a master of 
fine arts degree in photography. 

After more than 20 years making images of marine 
life, I thought it was time for a change. I wanted to do 
something that would take me back to my early artistic 
roots but still keep me wet.

My vision was to have a clear, warm and controlled 
environment where I could push the limits of creativity 
and still breathe from a scuba tank. The fruition was 
a custom-designed 11-foot-deep saltwater pool. It has 
20 embedded mounts to attach strobe arms so I don’t 
have to attach strobes on my housing. It can easily be 
heated to 86°F-90°F, temperatures comfortable to be in 
even without thermal protection. My pool also has two 
lower-level viewing windows so observers can watch 
or shoot video of a project.

Underwater photography in pools has become 
very popular over the past few years. Since it is not 
necessary to be a scuba diver to shoot in a pool, many 
people shoot in shallow pools, holding their breaths 
and ducking underwater to take photos. Coming from 
a diving and underwater photography background, I 
have a different approach. In the course of working in 
my underwater studio I’ve learned many lessons that 
might help other photographers in their own pool 
photo sessions.

MODEL ORIENTATION AND EVALUATION
While it isn’t hard to find models who have experience 
in front of the camera, not all will be comfortable in 
and under the water. Some are even afraid of the water. 
You might be surprised that many of the skills you take 
for granted, such as equalizing your ears, are foreign to 
those who don’t dive. It is important to get a sense of 
your model’s abilities and comfort in the water prior to 
a shoot. 

I shoot in both the shallow and deep ends of 
the pool. The skills required for each are a little 
different, but even if you shoot only in shallow 
water it’s important to get a sense of your model’s 
basic water skills. Even when I work with models 
who are experienced freedivers, I have an in-water 
orientation with them before I schedule a shoot, which 

is necessary both for safety and to determine our 
compatibility. We also work extensively on buoyancy 
skills before doing deep-end shoots.

 Make things easy the first time around: Shoot in 
shallow water, as this eliminates the need for safety 
divers and extra crew. As long as the model can just 
stand up for air, your shoot will go smoothly.

BE A MODEL
Before you direct models, you should be aware of what 
it’s like to be a model: to see underwater without a 
mask and control your buoyancy without dive gear. 
That will help you understand what is involved in 
posing and how long you can hold your breath and 
still be relaxed. 

LIGHTING
Get your strobes off of the housing. This will give 
you more control in terms of exposure and creative 
positioning. With attached strobes, the exposure will 
change as you move closer or farther away. Exposure 
can remain more consistent from shot to shot with the 
lighting distance fixed relative to the model.

Use inexpensive tripods to mount and position 
your strobes underwater, and hang extra strobes from 
the poolsides. 

Use multiple strobes, often three or more. Fire the 
remote strobes using slave mode to avoid having to use 
cables. I use Triggerfish slave sensors, which can be 
positioned to face the primary light so they will always 
flash. Ikelite also makes a good remote slave sensor.

An extra strobe or two is great for creative 
backlighting. Shooting at night is another option for 
creating interesting lighting, atmosphere and effects 
such as surface reflections.

SAFETY 
The safety of everyone involved is crucial. Many 
shooters who do this kind of photography work only 
in shallow water so all they or their models have to 
do to get air is stand up. I shoot in shallow water 
whenever I work with a model for the first time. 
When I’m in the deep end or the ocean, there are 
always at least two assistants: a safety diver to watch 
the model and provide air through a hookah and 
another diver to act as my camera assistant and to 
promote general safety. 
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THE ART OF POOL PHOTOGRAPHY
Text and photos by Rod Klein

ANOTHER WAY OF SEEING
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The safety diver should keep the regulator close 
to the model without getting in the frame. I always 
use a hookah as the model’s air source rather than an 
“octopus.” No matter how long the hose, it requires the 
safety diver to come too close to the model to provide 
air, and they never get out of the frame in time. I zip-
tie the second stage of the hookah to a long pole so the 
diver can hand it to the model and remove it quickly.   

COMMUNICATION AND PLANNING 
A good preshoot briefing is essential. I ensure we’re 
on the same page regarding basic scuba hand signals: 
OK, not OK, up, down, share air, etc. The “share air” 
sign is essential because the model will use it to signal 
the safety diver that he or she needs to breathe from 
the regulator.

Normally we surface every 5-10 minutes to 
regroup, talk about the shots, view images on the 
camera LCD and make any needed adjustments. 
This is where the photographer needs both great 
communication skills and great directing skills. You 
are the only one who knows how the images should 
look, and it is important to calmly communicate your 
wishes to your model. 

EQUIPMENT
You can shoot with just about any camera that can be 
taken underwater. Most photographers use a housed 
digital single-lens reflex (DSLR) camera, but you need 
to be able to fire at least one strobe using either fiber-
optic or normal sync cables. Remote strobes can be 
fired using long cables or preferably in slave mode.

You should have at least two strobes. I have six Sea 
& Sea YS-250 and six Inon Z-240 strobes. I have a 

50-foot custom 
strobe sync 
cord that allows 
me to position 
my primary 
underwater strobe 
anywhere in the 
pool. If I use a 
studio strobe for 
surface lighting, 
I use a custom cable to fire a studio flash trigger that 
stays on the surface in a dry box. Using the kind of 
slave trigger device that would be used in a studio 
doesn’t work because they are not waterproof. Even if 
they were housed they could not transmit through the 
water to a bank of topside strobes on deck, hence the 
need for a cable to a dry place on deck. 

WARDROBE AND MAKEUP
Creative wardrobe can really make a shoot. Often I am 
lucky and the model will have designers who are eager 
to get underwater images of their designs. But I have 
also scoured local fabric stores for colorful pieces to 
use during experimental shoots. Cheap wigs, masks 
and toys can also be used as props. I even own several 
mannequins, which are both great props and good 
for lighting practice when no model is available. Try 
draping colored fabric in the pool as a backdrop, as 
this can add creative interest to the images as well as 
giving the illusion that you are not in a pool.

I prefer to use a makeup artist whenever I can — it 
can really add to the look. Some models can do their 
own makeup, but it’s hard to do touch ups during a 
shoot since they are always wet.
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WORKFLOW
For me a normal pool shoot 
takes two and a half days: one 
day to set up, one full day to 
shoot and about half a day to 
break down. 

Day before shoot (5-6 hours): Set 
up any required backdrops 
that will hang in the pool. Set 
up, check, test and position all 
underwater and studio lights, 
batteries, camera and strobe 
connections. Place backup 
strobes, weights, tools and 
anything that might be needed 
during the shoot at the pool 
edge so no one has to get out of 
the water during the shoot.

Day of shoot (6-8 hours): The 
models, designer, makeup 
artist and other crew arrive 
and prepare. If it’s a deep-end 
shoot, ask the safety diver and 
camera assistant to arrive an 
hour early to help with final 
set up. Confirm waterproof 
makeup will be used, advise 
that makeup needs to be extra 
colorful for underwater work, 
check wardrobe, check all 
photo and safety gear, make 
sure the water temperature 
is 86°F-90°F, recheck model 
buoyancy, and add weights as 
necessary. I often use a small 
pocket weight belt that can 
be easily hidden beneath any 
fabric or have a designer sew a 
small pocket in the rear of a garment to place a soft weight. Always 
use soft weights to avoid pool damage.

After shoot (2-3 hours): Break down the set, clean and wash all gear, 
clean up, download and backup images, and fall into bed. 

While a dedicated underwater photo studio is nice to have, it is 
not necessary for getting great images of models. Start out simple, 
shoot shallow, use what equipment you have or can borrow and be 
inspired by other photographers’ work. Just give it a try, and see 
what happens! AD

A koi pond aerator below the model generated the 
bubble storm in this image.

Opposite, top: Rod Klein reviews images with 
model Taylor Carr between setups.

Opposite, bottom left: Shot through the lower-level 
viewing window, Klein photographs model Natllely 
Dominguez, while safety diver Jeff Sisil stands by. 
Note the studio strobe in the pool and the wall- 
and tripod-mounted underwater strobes. 

Opposite, bottom right: Model Vartuhi gets makeup 
and a dress adjustment from designer Mojan Hos.
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T
he reports of its death are greatly 
exaggerated. Throughout 2016, 
news articles, including a widely 
read satirical obituary in Outside 
magazine, reported on the demise of 
the Great Barrier Reef (GBR). But  

the reef is not dead. Although in 2016 it suffered the 
most extensive mass bleaching event in its history, it 
remains one of the natural wonders of the world. If you 
head to Cairns or Townsville, Australia, and jump on 
a dive boat, you may not even notice any effects of this 
recent bleaching.

Like reefs around the world, the GBR is subject to a 
number of stressors, one of the most dominant being 
global climate change. If we use the recent bleaching 
and mortality events on the GBR as a wake-up call 

rather than grieving the loss of something that still 
exists, the reef ecosystem can repair itself. To remain 
optimistic, it is important to understand the difference 
between coral bleaching and coral mortality.

Throughout the GBR bleaching event, scientists 
from the Australian Research Council (ARC) Centre 
of Excellence for Coral Reef Studies (Coral CoE) at 
James Cook University, the Great Barrier Reef Marine 
Park Authority (GBRMPA), the Australian Institute of 
Marine Science (AIMS) and other partners performed 
aerial and extensive underwater surveys on reefs 
stretching the GBR’s entirety. Surveys were conducted 
in March and April 2016 when bleaching was at 
its worst (March and April are among the months 
with the highest ocean temperatures in the southern 
hemisphere) and again on the same reefs in October 

DIFFERENTIATING 
CORAL BLEACHING 
AND CORAL 
MORTALITY
By Sarah Egner

A CASE STUDY FROM THE 
GREAT BARRIER REEF
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Corals bleach, or turn white, when their 
symbiotic algae (zooxanthellae) are 

expelled from the corals’ tissues due to 
stressors such as excessively warm water. 

Bleached corals can and do recover 
when favorable conditions resume.

and November 2016 to determine how much of the 
bleached coral survived. Data published by the Coral 
CoE included the following: 
• The entire reef system was not affected by the recent 

bleaching event. The GBR is 1,430 miles long, and its 
southern portion is much farther away from the  
equator than its northern portion. The bottom two-
thirds of the reef suffered minimal to no mortality.  
The majority of the impact is in the northern third of 
the reef, a region that spans approximately 600 miles 
from Port Douglas to Papua New Guinea. This region  
is not commonly visited by recreational dive boats.  
Even within the northern region the overall effects 
of the bleaching event varied. The inshore northern 
section, where the water is shallower, felt the brunt  
of the 2016 event. 

• March-April 2016 data showed the following 
amounts of severe bleaching in the GBR:
— 81 percent in the northern section (north of Port Douglas)
— 33 percent in the central section (Mackay north to 

Port Douglas)
— 1 percent in the southern section (south of Mackay)

• October-November 2016 data showed the following 
amounts of coral mortality in the GBR:
— 26 percent in the far north (offshore)
— 67 percent in the north
— 6 percent in the central section
— 1 percent in the south

WHAT IS BLEACHED CORAL?
Bleached coral is not dead coral. The bleaching data 
from the March-April 2016 surveys differ from the 
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mortality data from October-November because corals 
can survive a bleaching event, and many of the corals 
on the GBR did just that.

Coral bleaching occurs when corals are stressed, in 
this case from high water temperatures. Corals have 
a mutualistic symbiotic relationship with an algae 
called zooxanthellae that lives within the coral tissue. 
Zooxanthellae use sunlight to photosynthesize food; 
they share this food with their coral hosts. In turn, the 
zooxanthellae have a safe place to live, and they receive 
“fertilizer” via coral waste. While corals do feed on 
their own, they rely on zooxanthellae to get sufficient 
nourishment. Zooxanthellae also give corals their 
color; without the algae, corals are actually clear (think 
of jellyfish, which are relatives of coral polyps). When 
subject to stress factors, the relationship between the 
coral and algae is damaged; without the algae, the coral 
tissue appears white, or “bleached.” If the temperature 
goes back into the preferred range within a given 
period, the algae will return, giving back corals their 
color and, more important, the food they need to 
survive. The coral can live only for so long without the 
zooxanthellae before they starve to death. The overall 
mortality numbers, therefore, should be the focus, 
but it is important to note that a coral that survives 
bleaching tends to be weaker and more vulnerable 
to diseases, has a slower growth rate and does not 
reproduce for one to two years.

During the follow-up surveys in November, 
scientists saw a lower than expected mortality rate 
on offshore far-north reefs. Considering 81 percent 
of the northern region was bleached in March, only 
26 percent mortality in an area within this region is 
indeed good news. Coral CoE director Terry Hughes 
suggested that upwelling from the nearby Coral Sea 
cooled the water in this area.

While some corals did bleach, the mortality in the 
central and southern regions of the reef, the areas 
most visited by tourists, is so low that it will not likely 
be apparent to most visitors. In the central region, 33 
percent of the corals had bleached, but only 6 percent 
of the corals died. At this point, the zooxanthellae have 
returned to the majority of the corals that bleached, 
giving the coral its color once again. If diving the 
GBR is on your bucket list, you are in luck. A weather 
anomaly spared the reef from much greater damage. 
A cyclone that passed over Fiji in February 2016 
transitioned to a rain depression that hit the southern 
coast of Queensland and cooled the southern half of 
the GBR, sparing that section the extent of bleaching 
and mortality found further north.

WHAT CAUSED THE 2016 BLEACHING? 
Corals are extremely particular in terms of the 
environmental parameters in which they can survive. 
Stable environmental conditions, specifically in regard 
to water temperature, salinity and low nutrient levels, 
are imperative for a healthy coral reef. Corals have a 
preferred temperature range in which they can thrive. If 
the water gets too warm or too cold, the corals stress.

Our oceans are warming, and human-induced global 
climate change is to blame. As we add greenhouse gases 
to the atmosphere, the Earth is getting warmer. The 
oceans absorb more heat as a result, and we are seeing 
a steady increase in sea surface temperature. The U.S. 
National Oceanic and Atmospheric Administration 
(NOAA) indicates that sea surface temperature has 
increased at a rate of 0.13°F per decade since 1901. 
While this increase may seem slight, for animals such as 
corals, which have a 10-degree (°F) temperature window 
in which they can survive, a degree or even less can be 
the difference between life and death.

According to the Australian Bureau of Meteorology, 
in 2016 the GBR recorded its hottest average sea 
surface temperatures for February, March, April, May 
and June since records began in 1900. In 2015 and 
2016 the waters off Australia experienced an El Niño 
event in addition to the warming ocean temperatures. 
El Niño is a climate pattern that describes the unusual 
warming of sea surface waters in the eastern tropical 
Pacific Ocean. El Niño events can occur every two to 
seven years, but they are not regular or predictable, 
and their intensity can vary. This combination of El 
Niño and warmer seas precipitated the 2016 mass 
coral bleaching event. 

WILL MASS CORAL BLEACHING HAPPEN AGAIN?
In 1997 and 1998 an El Niño and bleaching event 
occurred; it was the first mass bleaching event on 
the GBR. Another mass bleaching event on the GBR 
occurred in 2002. Both events resulted in 50-60 
percent bleaching, but less than 5 percent of the reefs 
experienced high coral mortality. A 2016 AIMS study 
conducted between 2012 and 2015 found that these 
areas not only recovered, but there was also an overall 
19 percent increase in coral cover in the southern 
GBR. The reefs have proven resilient in the past, and 
the hope is that the northern corals affected in 2016 
will follow suit and return to predisturbance status in 
the next 10-15 years. 

Bleaching, of course, is not unique to the GBR. 
In 2015 a study was published that examined the 
resilience of corals in the Seychelles affected by the 
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1998 mass bleaching event. While 90 percent of the coral 
cover was lost from this event, 12 of the 21 surveyed reefs 
recovered to their predisturbance status. The resilient 
reefs had the highest structural complexity and were 
generally deeper but also had decreased nutrient levels (i.e., 
decreased pollution, better water quality) and healthy fish 
populations (no overfishing). 

Reef resilience seems to be dependent largely on healthy, 
coral-dominated reef systems. Like reefs throughout the 
world, the GBR is experiencing numerous stresses in 
addition to global climate change. To build reef resilience 
against future climactic events, we should concentrate on 
decreasing local threats. The GBRMPA lists local threats 
to the GBR as coastal development, declining water quality 
from land runoff and fishing impacts. Corals weakened by 
threats such as these are less likely to be resilient when the 
next climactic event happens. 

El Niño events will continue to occur, and unless humans 
around the world make some aggressive changes toward 
reducing climate-changing emissions, the ocean’s baseline 
temperatures will continue to rise. The best prevention 
against mass mortality is resilience to warm water. Healthy 
corals are resilient, and though they may bleach as a result of 
El Niño, healthy corals have the greatest chance of survival.

WHERE DO WE GO FROM HERE?  
The GBR remains an amazing dive site for visitors from 
around the globe to enjoy. The annual coral spawning 
generally occurs along the GBR after the new moon in 
October or November. While the northern section did not 
have a normal full spawn, the mass spawning event on the 
GBR did occur in November 2016, including on reefs in the 
far-north region. This is an important note, because corals 
that are in a weakened or stressed state will not put energy 
toward reproduction. 

Some corals are more resistant to bleaching than others. 
Research is ongoing to identify the genotypes of the most 
resilient corals (see “The Restoration Revolution” on       
Page 18). These extremely resilient corals may be the ones 
that rebuild the reef.

The bleaching of the GBR received considerable media 
attention, but similar mass bleaching events are occurring on 
reefs across the world. This should incite greater awareness 
of global coral reef issues. What can you do to make a 
difference? Try swapping out your car for a bike every once 
in a while. Recycle. Buy local. Use public transportation. 
Unplug your charger when you’re not using it. Plant a tree. 
And, of course, go dive. Maybe even visit that bucket list 
destination, the GBR. As long as dive tourism is a serious 
source of revenue, other exploitative and extractive uses of 
the reef will meet with resistance. AD
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In late 2016, local divers from the Great Barrier Reef (GBR) 
submitted these photos of healthy hard corals that might have 
bleached earlier that year. The photo of the spawning coral 
(immediately above) was taken Nov. 19, 2016. Previously 
bleached corals often need a year or two before they are ready 
to spawn again, so the widespread coral spawning observed in 
late 2016 is cause for optimism about the reproductive health 
of GBR hard corals.  
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I
n the Caribbean’s Windward Islands lies the 
country of Grenada. Our medical mission 
team recently returned from another sojourn 
there, and looking back I am reminded of how 
it all began with scuba diving.

Four years ago I was in Grenada on a dive 
trip. We all know that bittersweet feeling of the last 
day, the final dive, the farewell. As I was packing up, I 
looked for a souvenir and grabbed a local newspaper. 
On its cover was a photograph of Santa Claus, and 
sitting on Santa’s knee was a boy about two years old. 
The boy had severely crossed eyes. I knew the picture 
was supposed to be cute, but I also realized a grave 
truth: If this child did not have the necessary eye 
muscle surgery, he could be at risk for going blind in 
one eye from a condition known as amblyopia. 

Curious, I remarked to the hotel receptionist, “Back 
in the States I do surgery to straighten crossed eyes. 
Who does that here?” She gazed at me flatly, “No one.” 
I wasn’t sure what she meant. “You mean, no one here 
on this island? If the child goes to a larger island, can 
he see an eye doctor?” She seemed a bit impatient. 
“No, miss. We don’t have. Maybe if he rich, he fly to 
Miami. We have no doctor to do surgery on children’s 
eyes here.” I was stunned. When I got back home I did 
some research, and sure enough she was right.

 How could I let the people of an island I love very 
much serve me their food, clean my room, maintain my 
hotel grounds and drive me from place to place while I, 
with the skills to help them, did nothing in exchange? 

 I made a few phone calls and sent some letters. 
After months of searching for a way to help, I 
discovered a team of eye surgeons in New York led by 
an ophthalmologist named Orazio Giliberti, M.D. Dr. 
Giliberti had ties to the St. George’s University School 
of Medicine in Grenada, and he was willing to help. 
The following year I returned to the island, and in 
addition to my scuba gear I brought a fully equipped 
team of trained medical and surgical assistants. With 
the generous support of St. George’s University, our 
team was able to examine the eyes of more than 100 

children. We performed eye muscle surgeries in the 
local general hospital and were televised as the first 
pediatric eye surgeons in the country. 

A few years have passed, and today we are a 
committed team of more than 20 ophthalmologists 
who cover all subspecialities. Each month the 
people of Grenada receive eye surgery for cataracts, 
glaucoma, corneal diseases, eyelid abnormalities and 
many other conditions from one of our volunteer 
ophthalmologists. Winston Churchill once said, “We 
make a living from what we get, but we make a life 
from what we give.” Although I have never had the 
chance to meet that boy who sat on Santa’s knee in the 
newspaper photograph, I know that my Christmas joy 
comes directly from the smiles of Grenadian children I 
have come to know because of a scuba diving trip. AD
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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.

GIVING BACK
HOW DIVING LED TO SAVING 
CHILDREN’S EYESIGHT 
By Ingrid A. Carlson, M.D.

On the last day 
of a dive trip 
to Grenada, 
pediatric 
ophthalmologist 
Ingrid Carlson 
saw a photo in a 
local newspaper 
that inspired 
her to make 
a difference. 
Today she is one 
of more than 
20 volunteer 
ophthalmologists 
who visits 
Grenada regularly 
to provide 
medical services.
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Respond
Smarter

An Educated Diver Is a Safer Diver 
Whether you find yourself on the scene of an accident or witnessing  
a health-related emergency, chances are you will be involved in a crisis 
situation at some point in your life. Developed by medical experts, 
DAN’s first-aid courses will make sure you are prepared to help.  
Respond smarter, and explore our course offerings.
 
n Basic Life Support: CPR and First Aid
n First Aid for Hazardous Marine Life Injuries
n Neurological Assessment
n Emergency Oxygen for Scuba Diving Injuries
n Diving Emergency Management Provider

DAN.org/TRAINING

With DAN First Aid Training Programs
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S
cuba equipment failure or malfunction is 
a relatively rare factor in diving-related 
accidents and fatalities. When it does 
occur, the most common and hazardous 
malfunctions involve regulators and 
buoyancy compensator (BC) power 

inflators.1 Thus, a recent report to DAN® of a regulator 
failure was not necessarily surprising, but the cause in 
this particular case turned out to be quite unusual. 

Although the diver involved in the incident managed 
the situation very well, and no one was harmed, an 
inexperienced or nervous diver might not have been 
so fortunate. It was particularly strange that although 
the diver’s cylinder was not empty, the gas flow had 
slowed and then ceased in a way that resembled 
an out-of-air situation. Closer examination of the 
equipment led to a puzzling discovery: A large amount 
of yellow crystallized material was blocking the inside 
of the braided second-stage regulator hose. The hose 
had been in use for a few years but showed no external 
abnormalities or signs of deterioration. 

While trying to solve the mystery, we discovered this 
was not an isolated case. The same situation occurred 
July 22, 2015, and was reported subsequently in a 
technical diving blog.2 Further reports from a hose 
manufacturer and at least one equipment-servicing 
workshop in a popular diving region revealed that 
these were not isolated events. Although no injuries 
have been reported, the discovery prompted a wider, 
global investigation, which is ongoing.  

Analysis revealed the culprit to be a form of 
polymorphic crystallization — a phenomenon associated 
with cyclical heating and cooling at oil-water interfaces.3 
In both incidents, the crystallization seemed to be 

related to the molecular structure of the internal tube. 
The current theory is that repeated cyclical heating 
and cooling of the hose lining promotes this form of 
crystallization in materials either unsuitable for this 
application or affected by certain chemicals or bacteria. 
The sun heats the hose, then the flow of breathing gas 
cools down the internal surface of the hose again. This 
process recurs with each dive, and the crystals grow and 
accumulate over time. Enough crystals eventually form 
to encroach on the gas flow, or they migrate toward the 
second-stage regulator, resulting in significant failure of 
the breathing device. 

So far the reported incidents have been in tropical 
climates with gear that is several years old. We have 
not received reports of this problem with vinyl hoses, 
and given the number of braided hoses out there (both 
as original components and replacement parts) the 
incidence is likely quite small. But because this hazard 
threatens divers’ air supplies, it is of great potential 
interest to the dive community. The challenge is 
determining how best to respond to this discovery. 
It’s important to identify what divers need to know 
right now as well as what precautionary maintenance 
guidelines and early detection strategies they should 
implement at this stage. 

The standard safety recommendation regarding 
regulator hoses has been that they should be 
inspected regularly for signs of external deterioration. 
Disintegration or abrasion of the outer rubber coating 
eventually predisposes hoses to rupture during 
pressurization or even when in use. Rubber hoses are 
quite prone to this condition, which is why polymer-
braided hoses were developed. But herein lies the 
problem: The outside of braided hoses can appear 
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CRYSTALS
CRYSTALLIZED NYLON-
HOSE INTERIORS CAN
CAUSE REGULATOR 
FAILURES.
By Francois Burman, 
Pr. Eng, MSc
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Polymorphic crystallization 

inside hoses has recently 
emerged as a hazard divers 

should be aware of.  



normal, flexible and free from obvious abnormalities, 
while a deteriorated internal surface would be 
completely invisible to a cursory external inspection. 

It would be premature to speculate that this 
deterioration is limited to braided hoses. Previously, 
hoses comprised a rubber inner hose, a single 
braid layer for reinforcement and finally a rubber 
outer sealing layer. Today the rubber inner hose is 
sometimes replaced with a polyurethane or nylon 
hose (referred to as thermoplastic). The middle or 
reinforcing layer is a polymer-filament braid, and the 
outer layer is either a second braid — which has the 
advantage of indicating when the inner hose has a leak 
— or a polyurethane or synthetic-rubber sealing layer. 

Newer second-stage hoses with a thermoplastic 
inner layer may be vulnerable to degradation. This risk 
does not apply to internal layers of synthetic rubber, 
which appear to be impervious to this phenomenon. 
DAN Research would normally wish to conduct 
more in-depth analysis with a wider sample of 
defective hoses, but because this is a potential hazard 
to regulator function we prefer to err on the side of 
caution and report this phenomenon now.

WHAT DOES DAN RECOMMEND? 
DAN has contacted manufacturers of outer braided 
hoses to assess possible causes and precautionary 
measures, and we feel it is important to advise divers 
as follows:

• All regulator hoses, including braided hoses, have a 
limited service life regardless of external appearance 
or reinforcement and protection provided by hose 
protectors or the braiding itself. The failed hoses we 
have seen are more than five years old.

• The internal section of newer hoses with a 
thermoplastic inner layer appears to be uniquely 

prone to polymorphic crystallization, especially in 
hot, tropical locations. The phenomenon appears to 
be a gradual process, but the disruption of gas flow 
and regulator function is unpredictable and invisible 
to external inspection. 

• If there is any indication of gas-flow restriction, 
particularly when using a newer hose, the diver 
should immediately stop using the regulator. Perform 
a careful inspection of the regulator and the hose. If 
the regulator is not the cause, suspect the hose. 

• Physically examine hoses by squeezing them every 
inch or so to assess whether they exhibit the same 
degree of flexibility. Any change in resistance while 
squeezing along the length of the hose would be a 
sign of a possible problem. This test is much easier 
to perform with braided hoses than with harder, 
outer rubberized hoses.

Following this advice, especially the recommendation 
to regularly inspect hoses, will give you greater 
confidence that your hoses will perform as they 
should. Advocate for dive safety by promoting the 
following ABC strategy:

• Air awareness: Make all divers aware of this problem 
and the need for regular equipment servicing.

• Buddy breathing: Practice emergency air-sharing 
procedures to ensure preparedness for and 
appropriate action in the event of regulator failures 
or out-of-gas situations.

• Customer choice: Ensure that any hose purchased 
displays on the ends information about the 
manufacturer, the production date and the standard 
used. Check that this information is consistent with 
that on the packaging. AD

We ask all divers who observe this inner-
hose degradation to please email DAN at 
research@dan.org, preferably providing 
pictures that show the condition of the hose. 
This will enable us to capture as much 
information as possible so we can learn 
more about this phenomenon. We will share 
any new findings, cautions and advice with 
the diving community.

From left: Degradation is 
a slow process, invisible 
until there is a total failure 
(top). This open hose shows 
the extent of degradation 
(bottom). This hose 
interior is not affected by 
polymorphic crystallization. 
Replace old hoses, limit 
hoses’ exposure to high 
temperatures, and follow 
manufacturers’ maintenance 
recommendations. 
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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
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Statement of ownership, management and monthly circulation of
ALERT DIVER

OWNER: Divers Alert Network
PUBLISHER: Stephen Frink

BRIAN HARPER, Editorial Director
DIANA ROBINSON, Managing Editor

HEADQUARTERS OF PUBLISHER AND PUBLICATION:
6 West Colony Place, Durham, NC 27705

STOCKHOLDERS, BONDHOLDERS, MORTGAGE, OTHER SECURITY HOLDERS: None

 Average no. of copies each issue Single issue nearest
       during preceding 12 months to filing date

A.  TOTAL COPIES PRINTED 147,164 147,393
  (Net Press Run)
B.  PAID CIRCULATION 
  1. Outside-County Mail Subscriptions 134,666 135,541
  2. In-County Mail Subscriptions — —
  3. Single-Copy Sales   11,602   11,247
  4. Other Classes Mailed Through USPS — —
C. TOTAL PAID CIRCULATION 146,268 146,788
D. FREE OR NOMINAL RATE DISTRIBUTION
  (includes samples, no news agents)
  1. Outside-County — —
  2. In-County — —
  3. Other Classes Mailed Through USPS — —
  4. Outside the Mail (carriers or  
      other means)     884       605
E.  TOTAL FREE OR NOMINAL RATE  
  DISTRIBUTION     884       605
F.  TOTAL DISTRIBUTION (Sum of C and E) 147,152 147,393
G. COPIES NOT DISTRIBUTED   — —
H. TOTAL (Sum of F and G) 149,152 147,393
I.  PERCENT PAID     99.40%     99.59%

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.
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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

ocean
views

©
G

R
E

G
 L

E
C

O
E

U
R

Now in partnership
with the 

Windland Smith Rice 
International Awards 
and to be featured in 
a print exhibition at

the Smithsonian!

We are proud to announce that 
the Ocean Views contest now brings
the opportunity for your photos to
be displayed as part of the Nature’s
Best Photography exhibition at the
Smithsonian National Museum 
of Natural History in Washington,
D.C.— one of the most prestigious
and highly-visited museums in 
the world!

The 2016 Ocean Views contest
entries have been integrated into
Nature’s Best Photography’s 2017
Windland Awards. The category
called “Ocean Views” is supported
by Divers Alert Network and Alert
Diver magazine. These images will
be judged this spring with the
Windland Awards.

The Winner and the Highly 
Honored images will be published
in both Alert Diver and Nature’s
Best Photography magazines and
shown in online galleries and 
social media. 

Learn more online:
NaturesBestPhotography.com

2017

OV_AlertDiver.qxp_Layout 1  1/13/17  2:15 PM  Page 



PARTING 
SHOT

112  |  WINTER 2017

By Tobias Friedrich
below-surface.com

Bubble bokeh 
lenses are not 
new, but creating 

this special bubble 
effect requires more 
than just the right 
lens. Inspired by a 
cool background made 
by Sascha Janson in 
Lembeh, I developed 
the idea further with 
Doris Vierkötter in 
Bali until we had the 
perfect background for 
creating unique bubble 
bokeh shots. It took 
another week in Bali 
and a second journey to 
Bali and Flores to find 
the right critters in the 
right places for a nice 
portfolio showcasing 
this effect. 

EQUIPMENT: Canon 5D 
Mark II camera, 100mm 
macro and Meyer 
Görlitz Trioplan bokeh 
lenses, Seacam housing



New
Professional
Membership

YOUR DIVE SAFETY ASSOCIATION®

DAN’s Professional Membership program is an annual membership serving 
industry professionals of all levels, including instructors, facility owners, operators 
and managers. DAN Professional Members will have exclusive access to the new 
bene� ts launching in 2017.

n Free Medical Expense Coverage for Students
n Prepared Diver Course
n Risk Mitigation Initiatives
n Research Proceedings and Scienti� c Studies

To learn more, email DAN at ProfessionalMember@DAN.org 
or call 1-877-532-6776

DAN.org



THE ABILITY TO CHANGE ANYTHING, 
CHANGES EVERYTHING.
HYDROS PRO transforms with every dive. A breakthrough in comfort and 

customization, you’re free to change the color, fit, accessories, and even the 

weight system, from integrated weights to a lightweight Trav-Tek harness. Easily 

pack an entire dive kit on your back with the compact design and custom backpack. 

Wherever you take it, HYDROS PRO’s Monprene® molded construction  

means ultimate durability and perfect fit — ideal for any diver and any dive.

7 Color Kits Available, 4 Men’s and 3 Women’s Sizes

Trav-Tek Straps and 
Backpack Included




