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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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The scenario summarized above is offered only as an example. Coverage depends on the facts of each case 
and the terms, conditions and exclusions of the policy. Depending on the state of residence, insurance is 
underwritten by either The United States Life Insurance Company in the City of New York or National Union Fire 
Insurance Company of Pittsburgh, Pa. Coverage may not be available in all states or outside the U.S. 
Visit DAN.org for complete details.

You are far from home and have nowhere else to turn. That’s when DAN dive 
accident coverage can help.  

DAN.org/Join-DAN

A couple injured in the Maldives relied on DAN’s Guardian Plan to cover 
100% of their claim. See the full story at DAN.org/Claim-Stories.

A WORLD OF DIFFERENCE

Medical Center & Hyperbaric       
Chamber (Husband)                US$  18,475

Extra Meal Cost (Both)                US$       687

Extra Hotel Stay (Both)                US$    1,763

Medical Center & Hyperbaric        
Chamber (Wife)                US$  15,222

Total
Claimed

US$36,147

Total Expenses Covered by            
DAN Guardian Plan  US$  36,147

DCS in Maldives

http://dan.org/
http://dan.org/Join-DAN
http://dan.org/Claim-Stories
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FROM THE SAFETY STOP

OUR STORY BEGAN IN 1974, when U.S. Air Force 
Col. Jeff Davis, M.D., was operating a hotline that 
fielded calls from injured divers. This hotline, called 
LEO-FAST because of its phone number, was designed 
for military and commercial divers who needed help, but 
it occasionally received calls from civilian divers needing 
assistance. As the economy improved and college-educated 
baby boomers could afford to travel the world and learn 
to scuba dive, LEO-FAST began receiving more and more 
calls from recreational divers.

As recreational diving was growing in popularity, the 
United States was also seeking energy independence 
through offshore drilling. Thousands of commercial 
divers were working on offshore oil rigs. To ensure that 
these divers could receive adequate care for injuries 
on the job, several U.S. military and governmental 
organizations collaborated with what is now the Undersea 
Hyperbaric and Medical Society to create a task force of 
medical professionals specially trained in dive medicine. 
They founded the National Diving Accident Network 
(NaDAN), which would soon become Divers Alert 
Network (DAN), at Duke University Medical Center  
in 1980. 

Its primary goal was to field calls from injured divers 
and direct those divers to the nearest recompression 
chamber facility if needed. The establishment of this 
24-hour hotline meant that they could answer calls from 
commercial, military and recreational divers. In its first 
year of operation, the DAN Emergency Hotline received 
so many calls that in 1982 they added a second line, the 
DAN Medical Information Line, specifically for answering 
divers’ nonemergency questions about dive medicine, 
health and safety.

With DAN directing divers to proper care, the next 
challenge divers faced was paying for their hyperbaric 
treatment. To help divers pay these costs, DAN became 
a membership organization and pioneered the first dive 
accident insurance program in 1987. 

That same year DAN researchers published the first 
Annual Diving Report. Every year since 1987, DAN 

Research has collected, analyzed and published dive 
incident, injury and fatality data to raise awareness of 
the risks and hazards of diving and to educate the public 
about making safer diving choices. DAN’s research 
discovered that only one-third of injured divers were 
receiving emergency oxygen first aid. Administering 
emergency oxygen can drastically improve outcomes for 
injured divers, so in 1991 DAN launched the first oxygen 
first aid training program for scuba divers. 

Since DAN’s inception, our mission has been to help 
divers in need of emergency medical assistance and to 
promote dive safety through research, education, products 
and services. DAN medics have answered hundreds of 
thousands of calls on the DAN Emergency Hotline from 
divers all over the world and have prevented countless 
incidents by fielding tens of thousands of medical 
information inquiries each year. 

DAN researchers have established guidelines for flying 
after diving, removed diabetes from the list of absolute 
contraindications to scuba diving and worked to improve 
the safety of freediving and rebreather diving. We continue 
to lead the way in dive medical research around the world.  

Our full suite of first aid training courses designed with 
divers in mind has enabled more than 210,000 certified 
providers to render care to their friends, family members 
and other divers. We still supply the world’s most 

A History of 
Helping Divers

By Bill Ziefle

PERSPECTIVES



recognized emergency oxygen units 
designed specifically for treating scuba 
diving injuries.

DAN’s hyperbaric safety experts visit 
chambers to ensure their personnel 
are prepared and equipped to treat 
divers. And we continue to provide 
educational and informational resources 
dedicated to helping divers, and those 
who teach them, to avoid incidents and 
accidents while doing what they love.

Our membership benefits and dive 
accident insurance coverage continue 
to provide the most realistic and 
comprehensive coverage for divers 
who experience emergencies, and our 
professional programs provide coverage 
that protects the livelihoods of those 
who dedicate their lives to introducing 
others to diving. 

Because DAN exists, divers never 
have to face emergencies alone. With 
support from our members, dedicated 
staff, expert collaborators and friends in 
the dive industry, DAN has made the 
world a safer place to dive for the past 
40 years. Here’s to the next 40. AD

“Because 
DAN exists, 
divers 
never 
have 
to face 
emergencies 
alone.”
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Text and photo by Stephen Frink

FROM THE SAFETY STOP
PUBLISHER’S NOTE
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FOR EACH ISSUE OF ALERT DIVER, we start with 
editorial meetings where we plan what destinations to 
cover, discuss current medical and research topics, and 
consider relevant marine conservation issues and the other 
material that fills our pages each quarter. The first lineup 
always lists “to be determined” for my Publisher’s Note 
column because I like to see the topic build organically 
over the three months we work on each issue. A topic will 
inevitably, and almost accidentally, surface. For this issue 
two topics of significance arose, each based on random 
conversations between colleagues and content contributors 
Jill Heinerth and Alex Mustard.  

BENT BUT NOT BROKEN
While researching Jill’s biography and portfolio, I was 
impressed by her extreme diving, pushing the limits of both 
deep and cave exploration. She had described a particularly 
harrowing dive through an ice cave in Antarctica but didn’t 
mention ever being bent — i.e., having decompression 
sickness (DCS). But later while discussing the photo that 
she contributed for Page 47 of this issue, she told me that 
was the second time she had attempted that particular 
photo. On the first try she suffered DCS so severe that it 
could have ended her career.  

She describes her ordeal in detail in her book Into the 
Planet: My Life as a Cave Diver, but she also mentioned 
it in a recent email to me: 

It happened while doing the first explorations in The Pit 
in Mexico. I’d done two days on location, diving just shy 
of 400 feet deep. We were far back in the jungle, and my 
dive buddy and I were alone, so I self-treated with in-water 
recompression and then hiked out of the jungle the next day 
to do three more recompression runs in Akumal, payments 
courtesy of DAN. There was no tech diving in the Yucatán 
in those days, so the doctor had never treated a trimix diver 
and could not even fathom my rebreather schedule or how I 
had hiked out to the road. It was scary. I thought my career 
was over. Ten weeks later, I gingerly returned to the water 

and incrementally built back to my former activities, one 
dive at a time. In a nutshell, I look at it as a gift. I was 
several thousand dives into my career, and that made me a 
more cautious diver.

Her ordeal made me think of the first time I got bent, which 
was in the early 1990s in Vanuatu. My condition wasn’t 
due to depth, but greed. I stayed too long taking photos, 
and when my computer said I was clear, I immediately 
ascended. I was not clear — something nudged me over 
the line that day. I remember lying on my back in a dark 
wheelhouse and breathing oxygen, while the captain 
communicated to shore on a single-sideband radio relayed 
via an associate on a landline to Divers Alert Network in 
North Carolina. They arranged and paid for my treatment. 
That was the first time I had any interaction with DAN, 
and I was astonished that they were able to coordinate 
with Qantas for me to breathe oxygen on a commercial 
flight back to Honolulu, Hawaii. Vanuatu and Fiji didn’t 
have operational chambers, so DAN flew me to Oahu for 
recompression treatment. Like Jill, I found it to be a gift 
in retrospect, for it changed my dive protocols to be more 
conservative and gave me a greater appreciation for DAN’s 
dive safety mission. That more than anything ultimately led 
to my involvement as the publisher of Alert Diver.

SHOUTOUT FOR MPAS
Living in Key Largo, Fla., I see the robust fish populations 
typical of the marine protected areas (MPAs) of the Florida 
Keys National Marine Sanctuary. I was already a believer 
in their efficiency when Alex Mustard and I had a chance 
conversation about MPAs in Indonesia. I told him that I had 
just returned from a trip cruising Ambon to the Forgotten 
Islands, but despite the remoteness it was curiously devoid of 
sharks and larger reef dwellers. The corals were amazing, but 
I commented that if our dive boat could get there, so could 
a fishing boat.

He agreed and offered a similar observation about 
MPAs in Raja Ampat:

EXPERIENTIAL SIMILARITIES



I first dived the reefs of Misool in 2006, and 
I remember thinking that these were the most 
spectacular reefs I’d ever seen, with wonderful 
coral and loaded with fish. But what is even 
more remarkable is that on my three trips 
there in 2019, the diving was even more 
impressive. Most noticeable is that there are 
a lot more fish, a lot more turtles and a lot 
more rays and sharks. We didn’t see a single 
shark on the 2006 trip, yet now every dive in 
Misool yields reef sharks (grays, whitetips or 
blacktips) and hammerheads, with threshers 
and even tigers from time to time. Species 
that we’re used to witnessing being strangled 
from the oceans are blossoming here. What’s 
the secret formula? There’s no magic, only 
sound marine conservation. Misool Eco Resort 
manages a 300,000-acre marine protected 
area and employs 15 local rangers. Scientific 
studies have measured a 250 percent average 
increase of fish biomass over six years and have 
shown there are 25 times more sharks here 
than just outside the reserve. Beautiful reefs 
aren’t necessarily healthy reefs — a properly 
functioning reef ecosystem will support lots of 
big fish and megafauna, like mantas, turtles 
and sharks.

That made me think of an ad campaign I 
shot for the Florida Keys years ago with a 
prescient tagline: “Protect It, and They Will 
Come.” They were talking about protecting 
marine life, which would enhance dive 
tourism. Just look at Key Largo or Raja 
Ampat as examples. It works. AD
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FROM THE SAFETY STOP
LETTERS FROM MEMBERS
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The Summer 2019 issue of Alert Diver 
was a joy to read. I’m a longtime 
photographer who recently dived 
into underwater photography and 
just returned from a fantastic trip to 
the Red Sea with my son. Imagine 
my surprise then I saw two of our 
favorite dive guides, Zoe and Adel, in 
Stephen Frink’s article “Red Sea Photo 
Safari.” Our trip was amazing, and the 
guides went a long way to making the 
experience wonderful. 

Frink’s editorial about underwater 
photography touched on several 
things I too consider when taking 
any photograph. I’m a big fan 
of Henri Cartier-Bresson and 
his musings on the nature of 
photography. Frink’s writing about 
the different ways of shooting a scene 
and reading what was happening as 
well as what was developing and how 
framing decisions change the story 
struck chords with me regarding my 
own approach to photography.

I also appreciated Brandon Cole’s words about Puget 
Sound diving, which I am now learning to love. This 
issue brought back the fond memories of a wonderful 
dive trip with my son and has provided a source of 
inspiration for my own photography. Thank you.

— Brooke Hoyer, via email 

LITHIUM ION BATTERY SAFETY 
Jean Rydberg, CEO of Ikelite, wrote a great overview 
of lithium ion battery safety in the Fall 2019 issue. The 
industry is reeling from a series of tragic events that 
were almost certainly caused by lithium ion fires.

There is a 
reason that almost 
all lithium ion 
batteries are 
permanently 
enclosed in 
devices: Loose 
batteries are 
subject to damage 

from errant impacts that compromise the cells and can 
lead to catastrophic failure. I can think of no consumer 
electronics without permanently enclosed lithium ion 
batteries aside from DIY items such as remote-control 
cars and drones, which have large exposed battery 
packs. As Jean noted, these types of DIY applications 
recommend charging batteries in a fireproof bag. 

Charging is the time the cells are most stressed. Once 
batteries are removed from the protective enclosure tied 
to smart electronics that monitor them, a layer of safety 
is removed. 

All our lights are certified to pass a 1-meter drop 
onto concrete. The drop test ensures that the circuit 
and battery will not be compromised from impacts and 
leaks. In production we pressure-tank test and fully 
discharge and charge each light before shipping it out of 
our facility. 

We advise the dive community to refrain from 
selling or using lights with removable lithium ion cells. 
There is a reason that the IATA, UN protocol and 
TSA place strict limits on the transport of lithium ion 
batteries outside of devices. Most commercial warehouse 
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Dive guide Zoe Jones explores 
a deck hatch on the Carnatic 
wreck in the Red Sea.
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Buddy Dive delivers total access to Bonaire, with the island’s only drive-in fill station, a 
fleet of modern dive boats, spacious apartment-style accommodations and support for 
everything from discover scuba programs to technical diving.

Discover Buddy Dive, Scuba and Technical Diving

DIVE PACKAGE: 7 nights studio accommodations, 6 
1-tank boat dives & unlimited shore diving, free Nitrox, 
free WiFi, hotel tax and service charges, 8 days truck 
rental including taxes, Breakfast daily, round-trip airport 
transfers. $1,072 per person/double diver. Travel 8/29-
9/20/20 & 11/28-12/18/20.

operations do not allow the stocking of lithium ion 
batteries separate from their devices because they 
understand the dangers. 

— Daniel Emerson, CEO, Light & Motion 

AVOID COMPLACENCY: USE CHECKLISTS
“Beware Complacency” in the Fall 2019 issue is a 
welcome reminder of the risks from complacency and 
its sibling, normalization of deviance. The conundrum 
is how to avoid complacency and deviation from 
established procedures without a consistently applied 
procedure for doing so.

When I began technical diving, I realized that the 
complexity and additional equipment increased the 
potential for error in predive preparation. Thus I started 
a written checklist. Checklists are not a novel concept in 
the diving community — ask any rebreather diver.

Acronyms and mnemonics are taught as a means of 
remembering predive preparation along with buddy 
checks, and in the Winter 2013 Alert Diver, DAN 
published the article “Checklists: Keys to Safer Diving?” 
by Shabbar I. Ranapurwala, MPH (now Ph.D.). 
Ranapurwala and colleagues have also published their 
research in dive safety related to use of written predive 
checklists, memorized checklists and no checklist. 

(Ranapurwala et al. Mishaps and unsafe conditions in 
recreational scuba diving and predive checklist use: a 
prospective cohort study. Injury Epidemiology 2017; 
4:16.) The study concluded:

The routine use of a written predive checklist, 
irrespective of its source and content, was 
associated with fewer mishaps and unsafe 
conditions during the specific dives under study. 
The results of our study suggest that routine use 
of written predive checklists is an effective tool for 
promoting diving safety. The use of memorized 
checklists was similar to not using any checklist at 
all; hence the use of written checklists should be 
encouraged instead.

My approach is to customize and use a written 
checklist (laminated and waterproof ) that is relevant 
for the equipment, type of diving and mindset, and 
it continues to evolve from lessons learned. Using 
a written checklist has served me well, and perhaps 
others may find it a useful tool to control complacency 
and the temptation to deviate from established safety 
procedures. As to mindset, the final reminder on my list 
is “Comfortable > Complacent > Careless.” AD

— Ken Holzman, Traverse City, Michigan

http://alertdiver.com/
http://caradonna.com/
mailto:sales@caradonna.com
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THE SOUND WAS DEAFENING. It was the first 
time I had heard an explosion of any kind underwater. 
The sound reverberated in my chest, and I could feel 
my heart beating in my ears. But the noise that the 
bomb made was nothing compared with the scene 
that awaited my team. After we identified where the 
explosion had occurred and watched the likely culprits 
and their boats fading off into the distance, we slipped 
back into the water to find utter devastation. 

Thousands of fish littered the reef like leaves on a 
windy fall day. They were all belly-up, lifeless. The 
blast had burst their air bladders, so these fish had not 
floated to the surface as the fishers had hoped and were 
not able to be collected. They were left to rot on the 
seabed. A few sea snakes had already moved in to feast 
on the fish carcasses but would soon have their fill. 
The rest of the bodies would decay, leaving a graveyard 
where only a few hours before a healthy reef swarmed 
with life. It was my first experience of bomb fishing.

I was a mess when I reached the surface, fighting back 
hot tears of rage. I wanted to go after the boats, but they 
had vanished over the horizon. Then reality hit me: Were 
my clients OK? What were they going to think about this?

One by one they surfaced. The mood was somber. 
The others had never seen anything like this either. As 
the expedition leader, I tried to think of a way to break 
the awkward silence and cheer them up. They had 
signed up to travel with me to one of the most beautiful 
and picturesque regions of the world: the Mergui 
Archipelago in southern Myanmar. They had come to 
see manta rays, not death and destruction.  
I could only imagine their disappointment. 

Then one of my guests uttered the strangest reaction: 
“Thank you for bringing me here to see that.” It was a 

simple statement, albeit confusing. I put my hand on 
her shoulder and asked, “Are you sure you are OK?” 
She nodded and replied, “Sure. It is not nice, but it is 
reality, and it is important to see it firsthand.” 

Later that evening, as we dined on the top deck of 
our wooden expedition boat underneath a million 
blinking stars, we chatted about our sobering 
experience. I explained how bomb fishing worked and 
why poor artisanal fishers in developing countries are 
turning to this destructive practice as the world’s oceans 
become more and more depleted of edible fish. The 
problem was clear to the group: “Doesn’t this kind of 
fishing only make the situation worse?” “Of course it 
does,” I said, “but these people are living for today, not 
for tomorrow.” 

I was amazed at how the experience had affected each of 
them. This profoundly sad moment had ignited my clients’ 
inner conservationists. It would come to represent the most 
important experience of their expedition, despite all the 
other wonderful things we would go on to see. They had 
experienced for the first time the complex war that is raging 
in our oceans. It was a brutal wake-up call.

With authentic expeditions you never know what you 
will encounter along the way. That is the single most 
treasured aspect of fieldwork and travel. I love not knowing 
what the day will bring, and I like to share that sense of 
adventure with my guests. My clients have helped me to 
disentangle mantas draped with lines and ropes and to cut 
away and remove ghost nets strewn across coral reefs. They 
have documented unsustainable harvesting of sharks and 
rays at local fishing camps and cared for turtles that have 
been struck by boats in front of us — pretty grim stuff. 

We have also seen some of the most spectacular natural 
phenomena in the marine world: the graceful ballet of 
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This expedition at San Benedicto 
Island, off the western coast of 

Mexico, was part of a global giant 
oceanic manta ray project.

http://alertdiver.com/


the manta ray courtship dance, 
whale sharks feeding through 
plankton soup so thick you 

can lose a 65-foot fish in it, humpbacks sleeping in the shallows with their 
calves and jellyfish blooms so big they seem never-ending. That is the 
beauty of a genuine adventure versus manufactured or controlled holiday 
vacations. You get what you get, nothing is guaranteed, and you learn and 
experience something real no matter what. 

When I started Ray of Hope Expeditions, I had no idea if the concept 
would be well-received. I had recently cofounded a nonprofit organization 
called the Marine Megafauna Foundation (MMF), which focuses on 
the conservation of large, iconic and threatened marine species such as 
endangered whale sharks, manta rays, dugongs and critically endangered 
guitarfish. The foundation’s mission is to save our ocean giants from 
extinction and create a world where marine life and humans thrive together. 

As an executive and board member, I have a lot on my plate as it is. I 
am also the director for MMF’s global manta ray program, meaning that I 
travel six to eight months of the year to our various field study sites, where I 
supervise numerous students and conduct my research. I was short on time, 
short on people and impossibly short on funding. 

Field research is outrageously expensive. Even more costly is marine 
research. Most of the places where we work are remote and have challenging 
conditions, so expenses pile up. Our single biggest cost was chartering the 
boats needed to reach the remote field-study sites.

It did not take long to put two and two together: Instead of turning away 
all the people who wanted to come out and dive with my team, what if we 
could offer them the opportunity to come with us on an expedition? I have 
been diving since I was 11 years old, and I know there are countless divers 
with an insatiable appetite to travel and experience something new. There 
are also increasing numbers of people who want to travel for a purpose. 
Travelers are looking for more than cookie-cutter, hotel-based holidays and 
want to learn, give back and be engaged. The only question was whether 
enough people would take us up on the offer.

Our participants have since followed us from Indonesia to Mexico. 
They have helped us work in remote areas of Mozambique, helped fund 
months of seasonal 
research off the 
coast of Ecuador 
and allowed us to 
travel to the remote 
Andaman Sea to look 
for new manta ray 
aggregation sites.

On expedition, 
they help my small 
research teams execute 
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Participants encountered this feeding 
whale shark off the Yucatán Peninsula. 

Below: An Ecuadorian expedition 
spanned six seasons of studying the 
world’s largest population of manta rays.
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our work more efficiently. Having 
more eyes and cameras underwater 
helps us conduct more megafauna 
transects, identify more individual 
animals and take more samples 
from our focal species. In addition 
to helping us pay for private 
charter vessels for our expeditions, 
they often help us fund or raise 
funds for the scientific equipment 
needed for the trip, be it new 
drones or satellite tags. 

Most important, their 
enthusiasm lifts the spirits of 
my team. Our work is not 
always easy. Days are long, and 
conditions can be challenging. 
The nature of our work (fisheries 
work, for instance) can be quite 
depressing. Nothing beats having 
a cheerleading squad encouraging 
you along the way, celebrating 
your victories and holding your 
hand when you fail.

I have been so grateful that 
our participants get it. They 
understand that the scheduled 
itinerary might change at any 
stage during our navigation, 
that sometimes the animals are 
nowhere to be found and that 
even with the best technologies 
out there we are sometimes 
unable to answer the questions we 
came to address. They embrace 
the experience, and they are 
behind me every step of the way.

Last year, despite our best efforts, 
we failed to deploy the satellite 
tags we brought to put on giant 
oceanic manta rays off Myanmar. 
Even though my guests were 
disappointed, they knew it paled in 
comparison to the disappointment 
I felt. They kept cheering me on 
until the end, even when all hope 
was lost, and in the last 10 minutes 
of the final dive, in a location not 
known for manta ray sightings, I 
managed to get a tag on. The guests 
went wild, and we celebrated into 
the night like a team, because that 
is what we are. As it turns out, it 
takes a village to be a successful 
conservationist. AD

http://alertdiver.com/
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THE ITALIAN RIVIERA is one of the most beautiful 
places in Europe, a playground for the rich and famous 
and home to one of the world’s unique gardens, which 
grows lavender, tomatoes, aloe vera, strawberries and basil, 
the foundation of one of Italy’s delicious exports — pesto. 

While you’ll want to wear boots and blue jeans 
to visit most farms, for this one you don scuba gear. 
This underwater farming experiment, which looks like 
something out of a Jules Verne novel, is in the Ligurian 
Sea, offshore from Noli, Italy. It’s called Nemo’s  
Garden, but the name doesn’t come from the animated 
lost clownfish. 

Bathhouses dot the beach, and for a few euros you 
can rent a small changing room, a chaise lounge and 
an umbrella. At Bagni Letizia, the base of operations 

for Nemo’s Garden, we take a short stroll down the 
beach to the dive shop to rent some tanks. Since Nemo’s 
Garden is open to the public, Divenjoy, the local dive 
shop, has become its main point of entry for divers 
from all over the world.

 FINDING 
NEMO’S 
 GARDEN
BY PAUL CATER DEATON

Above: The Nemo’s Garden biosphere complex is a popular 
snorkeling spot for locals and visitors to this region of the Italian 
Riviera. Right: Using natural condensation as the chief source of 
moisture for the horizontal hydroponic setup, the team hopes to 
bring sustainable, economically viable agricultural alternatives to 
regions hostile to farming or where it is otherwise unavailable.
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The garden is just offshore and comprises a half 
dozen domed structures, called biospheres, in depths 
ranging from 10 feet to 40 feet. The metal sculpture 
in the center of the complex is called Tree of Life. The 
original art appeared at the Italian pavilion at the 2015 
Expo Milano and was recreated here with permission 
of the creator, Marco Balich. Italian businessman 
Sergio Gamberini, owner of Ocean Reef Group, came 
up with the idea of Nemo’s Garden. His son, Luca, 
now runs it.

“Underwater greenhouses offer near-perfect growing 
conditions, thanks to the steady temperatures and high 
amounts of carbon dioxide inside the biospheres that 
create a microclimatic buffering effect,” states a report 
published by the Nemo team. “In addition to the 
advantages offered by the stable thermal conditions, 
harmful external elements such as insects and parasites 
are unable to affect the plants.

“Crop yields also benefit from the microclimate 
inside the biospheres, as the damp humidity and 
exceptionally high carbon dioxide concentrations (which 
aid photosynthesis) cause plants to grow significantly 
faster than they do on land.”

A system of chains, cables, ropes and sand screws 
harness the biospheres to the seafloor. The engineering 
and construction of the garden complex is a masterpiece 

worthy of Leonardo da Vinci. Their shallow depths and 
proximity to the shore allow swimmers and snorkelers 
to see the domes from above. Aside from being an 
important scientific experiment, the garden has also 
become a popular tourist attraction.

Video and other technical systems installed in each 
dome and at the base of the Tree of Life allow the team 
to monitor the domes. A cluster of cables transports 
data to the command center on shore. There’s even a 
video feed to the café at Bagni Letizia.

On harvest day, journalists from the U.S., Germany 
and France covered the event as Luca Gamberini and 
then-project coordinator Gianni Fontanesi submerged 
to begin the process. Fontanesi untied the protective 
barrier from below the first biosphere, and we followed 
him in, getting to use our cameras inside the structures 
for the first time. We took a big sniff of air inside the 
dome, where the blended fragrance of the basil, lavender 
and other herbs and vegetables was intoxicating.

Fontanesi explained that the differences between 
temperatures and conditions inside and outside the 
domes create a considerable amount of condensation, 
which provides an inexhaustible supply of fresh 
water. The team intends to make the biospheres self-
sustaining, which will include apparatuses for the domes 
to self-irrigate the crops inside.

http://alertdiver.com/
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Gamberini joined  
Fontanesi in one 
of the domes to 
conduct a live, 
underwater Facebook 
broadcast for their 
many fans. They 
meticulously selected 
plant specimens, 
bagged them and 
sent them to a kayak waiting at the 
surface. That evening Fontanesi 
transported them to a laboratory in 
Pisa for analysis.

We made a dive at the site the 
night after the harvest. While at 
the laboratory in Pisa, Fontanesi 
used an application on his phone 
to turn on the underwater lights 
for us. Various sea creatures came 
out to enjoy the display; it was a 
transcendent experience. Traversing 
the complex for the next 90 minutes, we almost expected 
to see Captain Nemo and his helmeted 19th-century crew 
emerge from the darkness. At other times it was like being 
part of an interstellar expedition, exploring the universe for 
strange new worlds and new civilizations.

Neither Captain Nemo nor Captain James T. Kirk 
ever materialized, but a lone seahorse was an acceptable 
consolation prize. This male was carrying his babies as he 
nonchalantly swayed on his rope in the gentle current, 
allowing us to get very close for about half the dive. 

Nemo’s Garden was thriving, but Mother Nature can 
throw an occasional curveball. A violent storm hit Liguria 
on Oct. 30, 2018, causing considerable damage above and 
below the waterline. The surge laid waste to boats and 
most of the businesses on the beachfront. Bagni Letizia and 
Nemo’s Garden were not spared, and the control center 
was destroyed. When the team saw the devastation on 
land, they feared the worst for the undersea component.

Two weeks after the storm, we met with the Nemo’s 
Garden team at the Diving Equipment and Marketing 
Association (DEMA) trade show in Las Vegas, Nev. 
They reported that while their facility sustained 
considerable damage, the underwater biospheres 
remained intact — a testament to the engineering and 
strength of the domes and their anchoring systems. 
That would make da Vinci proud.

Lo spettacolo deve continuare — the show must go 
on. Fontanesi and Gamberini said that the team would 
rebuild, and they saw the mishap as an opportunity 
to make improvements. Indeed, six brand new domes 

arrived in Noli a few months later to bring Nemo’s 
Garden to the next level.

The new domes use algae-resistant acrylics, making 
it easier to keep the domes clear, which in turn allows 
more sunshine to filter in through the water column. 
Observations are ongoing to gauge the effectiveness of 
the new material. Further evidence of the rapid recovery 
of the project is that experiments began earlier than usual 
in 2019. The team seeded the first biosphere in mid-May, 
and strawberry plants have borne fruit. The amount of 
water gathered through condensation signaled further 
success. Fontanesi reported that the condensers are 
entirely supporting the hydroponic systems.

Nemo’s Garden continues to flourish as an 
underwater classroom. The University of Genoa 
engineering department conducts experiments on 
the thermodynamic process inside the biospheres. 
Fundraisers and new collaborations support internships 
for thesis students. Younger students also benefit from 
the learning environment. As part of a project called 
“Grow the Future,” fourth-grade students from the 
Rodari Primary School in Sanremo, Italy, created a 
comic strip that tells the story of Nemo’s Garden.

On the Italian Riviera, the small, dedicated team at 
Nemo’s Garden continues to refine and improve the facility 
and the processes by which it operates. As they try to 
answer the challenges of global climate change, discoveries 
made at Nemo’s Garden could pave the way toward 
sustainable farming for island and coastal communities and 
in areas hostile to terrestrial agriculture. AD

Clockwise from top left: Plump 
strawberries are among the 
many plant species harvested. 
The domes survived the historic 
storm of 2018, and new ones 
were installed the following 
season. Luca Gamberini 
monitors conditions in the 
complex from the control room 
at Bagni Letizia. 
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THE CORAL-LIST, AN ONLINE FORUM hosted by 
the National Oceanic and Atmospheric Administration 
(NOAA), recently had several interesting discussions 
about reef rehabilitation and transplanting. Proposed 
causes of reef decline are interesting and varied but not 
new: A recent list of coral health threats contained what 
I call “the usual suspects.” The only thing left off the 
list, however, was African dust, which periodically and 
simultaneously affects the entire Caribbean. 

Dust, unlike the usual suspects, can affect small, isolated 
reefs where the usual suspects are absent, and these dust 
events have increased in recent years. While there have 

been few simple bioassays of dust effects on live corals, a 
high school student recently used African dust collected 
in dust traps in Florida for a science project. In controlled 
aquarium experiments, she found that all three of the 
different concentrations she tested killed staghorn coral  
(A. cervicornis) in about two days. The toxins in the dust 
that caused coral death, however, remain unidentified, as it 
was a simple proof-of-concept experiment. 

Due to behind-the-scenes politics and lack 
of funding, university and government agency 
scientists have yet to test dust and other chemicals. 
Many reputable, qualified scientists have submitted 

proposals to test the toxicity of 
African dust, but all received 
rejections. It may require some 
motivated, self-funded scientists to 
do the needed experiments. 

Incidentally, the high school student 
who did the dust experiment is one 
of three sisters, each of whom have 
won awards for high school science 
posters and who are the daughters of a 
geologist who recently headed the coral 

24  |  FIRST QUARTER 2020

DIVE SLATE AFRICAN DUST

Pillar coral on Molasses Reef, Key 
Largo, Florida, in August 2016 (left) 
and April 2017 (right)

 AFRICAN DUST 

BY EUGENE SHINN, PH.D.

A MYSTERIOUS CORAL KILLER
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resource protection section at the Florida Keys National 
Marine Sanctuary. Their posters depicted coral research 
projects featuring controlled experiments on coral disease 
in the Florida Keys and the toxic effects of oxybenzone 
sunscreen and common mosquito sprays. 

I served on many coral reef committees in the Keys 
beginning in the mid-1970s in which discussions focused 
on subjects such as anchor damage and boat groundings, 
which are easy to observe and photograph. There were no 
coral diseases in the 1950s and 1960s, so anchor damage 
always healed quickly, and there were far fewer boats on the 
water and lower numbers of visitors and activity in the area. 
That all changed in the late 1970s. 

My simple calculation regarding the proliferation of 
staghorn coral following Hurricane Donna in 1960 shows 
that based on the annual growth rate and frequency of 
branching, a healthy staghorn colony consisting of 10 
branches could potentially produce 35 miles of branches 
in just 10 years.1 That can never happen because growth 
of this shallow-water coral would stop when it reached 
sea level — there is not enough space for them to reach 
their full potential. They stopped growing in the late 
1970s, with their demise peaking in 1983, primarily due 
to white-band disease, which affected corals in Florida 
and throughout the Caribbean. It has been a slippery 
slope downward ever since.
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To my knowledge, there 
has been only one controlled 
laboratory study to determine the 
impact of sewage (wastewater) 
on corals in southeastern Florida. 
Using water from the Virginia 
Key sewage treatment plant in 
Miami-Dade County, the study 
showed that corals near the 
outfall were not directly affected, 
but algae grew fast and would 
interfere with coral growth if not 
manually removed. A researcher 

from the University of Miami Rosenstiel School of Marine and Atmospheric 
Science presented that paper in 1981 at the Fourth International Coral Reef 
Symposium in Manila, Philippines. The study happened before coral diseases 
appeared in the Caribbean and before the Diadema plague in 1983.

In the late 1980s we wondered if sewage in groundwater might be 
affecting coral growth in the Keys. With state and federal funding, we 
installed around 50 monitoring wells and measured the lateral movement of 
sewage-contaminated groundwater. We found that everywhere in the Florida 
Keys the net flow is toward the coral reefs. We had hoped the study would 
show that groundwater flow would correlate with coral diseases. If correct, 
improved wastewater treatment would have had a direct benefit to the 
corals. Unfortunately, our work did not prove corals were being affected by 
groundwater, even though it contained fecal bacteria and most everything else 
that goes into septic tank drain fields and disposal wells. That study helped 
to support the installation of a Keys-wide sewage system but did not prove 
sewage water was causing coral disease. 

Coral diseases were breaking out around distant Caribbean islands, 
and corals were simultaneously suffering the same fate as those in the 
Keys. Because of these observations, we began to recognize there might be 
something else that could simultaneously affect the entire Caribbean and 
believed it was African dust. The red soils and reddish-brown crusts found 
on all Caribbean islands came via trade winds from North Africa. African 
dust transport peaked in 1983, which is the same year Diadema died, sea 
fan disease began and acroporid corals became diseased almost everywhere. 
Lake Chad in North Africa was drying up, and its lake bed was blowing 
away — it has shrunk by 90 percent since the 1960s.

Science can be a beautiful instrument, but various proprietary or 
political reasons often hold environmental studies in check and prevent 
the publication of results. Even though straightforward bioassays have not 
happened, the recent rash of funding for coral nurturing and outplanting 
has stimulated many detailed studies, including anatomy, DNA, pH, 
symbionts, temperature, nutrients and many other basics that otherwise 
might not have been considered important enough for funding. 

We still do not know what ingredients in African dust kill coral, but let’s 
hope that the increased focus on coral health will bring funding for the 
research necessary to unravel the mystery of this threat. AD

Note: 1. Shinn EA. Coral reef recovery in Florida and the Persian Gulf. Environmental Geology 
1976, 1:241-254. doi:10.1007/BF02407510

Diadema off Dominica on the eastern  
edge of the Caribbean Sea in 2017
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IT WAS A BEAUTIFUL LATE-SUMMER MORNING. 
As New York City Fire Department (FDNY) firefighter 
Paul Bardo left his home in Brooklyn on Sept. 11, 2001, 
he recalls thinking it was perfect conditions for his 
morning run — a cloudless, robin’s-egg blue sky with air 
temperatures in the low 60s and the sun’s rays glinting off 
the waters of Upper New York Bay. 

Bardo, who lived not far from his firehouse, Brooklyn 
Engine Company 240, had the day off. His running 
route included spectacular views of the sweeping spans 
of the Verrazzano-Narrows Bridge and the skyscrapers of 
Lower Manhattan. 

“I was jogging in my neighborhood along the water 
near the Verrazzano bridge with my back to the towers,” 
Bardo recalls. “As I turned around to go back, I saw the 
second plane hit. I immediately went home, got my 
stuff together and went to my firehouse.”

Bardo had witnessed United Airlines Flight 175 
crashing into the south tower of the World Trade 
Center (WTC). It was just after 9 a.m., and American 
Airlines Flight 11 had slammed into the top of the 
north tower 17 minutes earlier.  

Bardo’s life — and indeed, the world — would never 
again be the same.

Bardo and the other firefighters raced to the WTC, 
where they joined other firefighters, police and rescue 
workers just after the north tower collapsed at 10:28 a.m. 
(the south tower had collapsed at 9:59 a.m.). Bardo was 
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DIVE SLATE DAN MEMBER PROFILE

PAUL BARDO
Hometown: Brooklyn, N.Y.
Years Diving: 42
Favorite Dive Destinations: Cozumel and Palau
Why I’m a DAN® Member: I’ve been a DAN 
member since 1992, and I think the service is 
fantastic. It gives me peace of mind.

BY PATRICIA WUEST

From left, Bardo, Pat 
Sullivan and Bardo’s 
son, Michael, help with 
a beach cleanup in 
Red Hook, Brooklyn.

Below: Bardo (center) 
and other firefighters 
listen to President 
George W. Bush’s 
address to first 
responders at the 
World Trade Center 
site after 9/11.
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part of the team of first responders who searched through 
the buildings and mountainous piles of rubble, looking 
for survivors. 

“I was underground, searching other buildings,” Bardo 
says. “When I came out, 7 World Trade Center came 
down too. I stayed there for about 36 straight hours. My 
family — my wife, my kids — didn’t know if I was alive.”

Bardo had also responded to the Feb. 26, 1993, 
bombing at the WTC that killed six people. “I helped 
carry out two people — one was a woman who was 
pregnant,” Bardo says. “Obviously, the intent at that 
time was to take down the towers.”

The Brooklyn-born firefighter lost some good friends 
on 9/11, many of whom had gone on scuba trips with 
him. Bardo has been leading dive trips all over the 
world since 1994, when he opened Ocean Horizons 
Scuba in Brooklyn’s Bay Ridge neighborhood.  

Bardo’s work as a firefighter has long been 
intertwined with his passion for diving. In 1981 he 
worked for the New York City Police Department 
(NYPD) and tried out for the scuba unit. At that time 
only 12 divers were in the unit. He was first on the 
waitlist to make the team, but the FDNY called him, 
and Bardo left the NYPD for a position with the fire 
department. “The fire department schedule was a lot 
more flexible and would allow me to carry on with my 
scuba activities,” he recalls.

THE HEALING POWER OF SCUBA
Scuba diving is Bardo’s therapy. “I’ve seen a lot of 
tragedy in my life,” he says. “I was always able to get to 
a better place when I went diving. I had trained quite a 
few police officers and firefighters; shortly after 9/11, I 
put a trip together specifically for cops and firefighters 
to get a break. We had 44 people go to Cozumel to get 
our minds off 9/11. It was a healing trip.”

Bardo’s stories are full of memories from both his 
career as a firefighter and as a scuba instructor. He loved 
the sport so much that he wanted to share his passion 
with other people. Formerly a YMCA instructor, Bardo 
eventually became an instructor trainer with the National 
Association of Underwater Instructors (NAUI). But 

central to his life is sharing his joy of diving. “I tell all the 
people who dive with me and who I teach that they will 
be some of the privileged few,” he says. “Most people on 
this planet will never see what divers see.”

Bardo, 66, has seen a lot of changes in his 42 years 
of recreational diving. “Certainly the equipment has 
changed — the equipment is much more reliable than 
it was,” he says. “I used to dive with the old J-valves, 
which wasn’t much fun.”

He has also seen a change in scuba instruction. 
“When I first took the [open water] course, the intent 
was to eliminate people,” he says. “It was 12 weeks of 
total harassment — ripping off your mask, turning 
off your air. What’s also changed is opening up the 
opportunity for diving to everyone.” Bardo’s wife, 
daughter and son also dive. 

Bardo says he wouldn’t dive without DAN. “With 
any questions or emergencies I’ve ever had, DAN has 
been spot on,” he says. He recalls a trip to Fiji years 
ago when a woman thought she had decompression 
sickness. Bardo was less certain, however, due to some 
other factors, so he called DAN. “They spent two hours 
on the phone with me,” he recalls. “I got a wealth of 
information, and they took very good care [in guiding 
me through that situation].” 

Bardo insists that all divers on his trips have DAN 
insurance. “It’s peace of mind, plus DAN membership 
dues support their research,” he says.

An upcoming Cozumel trip will be focused on 
healing. A friend of Bardo’s, Richard “Richie” Doody, 
was murdered in 2015. Bardo and Doody had been 
friends since they were 12 years old. “We went to the fire 
department together,” he says. “I certified him and his wife 
as divers. The guy who murdered him came on trips with 
us.” Ginny Murray, Doody’s wife, is going to Cozumel to 
scatter her husband’s ashes in the ocean he loved. 

“My therapy has always been diving, and I have 
no intention of letting go of that,” Bardo says. “The 
camaraderie among divers is exceptional. I don’t mean 
this in a derogatory way, but if I had been just a 
fireman, my world would have been very narrow. But 
diving has opened up a whole world for me.” AD
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Bardo celebrates 14 trips 
over a 20-year period 
to Palau, Micronesia, a 
favorite destination.

Bardo with Samantha 
Erenberger at the Museum 

of Natural History exhibiting 
scuba as part of the Marine 

Science Exhibition

http://alertdiver.com/
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DIVE SLATE PROGRAM SPOTLIGHT / DAN DISPATCH / TRAVEL SMARTER

ARE YOU A DIVE PROFESSIONAL or dive 
boat operator searching for new ways to increase 
your safety, a fill-station operator committed 
to the quality of your breathing gas or a diver 
interested in becoming more safety-conscious? If 
so, DAN’s new e-learning programs are for you. 
They cost nothing, and you can complete both 
courses in about an hour.

Our experts in hyperbaric and underwater 
safety designed the DAN Assurance of Breathing 
Gas Quality and DAN Dive Boat Safety Best 
Practices e-learning courses to meet two prevalent 
needs in the dive industry: the needs for 
improved dive boat safety and for more effective 
prevention and management of contaminated 
breathing-gas incidents. These comprehensive 
courses are especially useful for professionals who 
put divers in the water, and they enable dive 
operators to refine the safety of their operations 
in two crucial areas. 

Quality breathing gas is something every 
scuba diver relies on to remain healthy and alive, 
and breathing contaminated air underwater 
can be catastrophic. Ensuring the quality of 
divers’ breathing gas remains an essential safety 
concern, and it is imperative that all people 
who fill cylinders understand how they can 
prevent or manage incidents that result from 
contaminated air. By taking this 30-minute course, 
compressor operators can improve their ability 
to identify, prevent and respond to breathing-gas 
contamination incidents. 

Another critical concern for scuba divers is 
safety on dive boats. In 2018 the U.S. Coast 
Guard (USCG) issued a marine safety alert to 
remind owners and operators of recreational diving 
vessels, which the USCG does not regulate. The alert 
also stressed that licensed masters of commercial vessels 
that transport divers and passengers are ultimately 
responsible and accountable for the safety of those 
passengers. To help boat captains, dive professionals 
and operators understand and implement the USCG’s 
recommendations, we created the DAN Dive Boat 
Safety Best Practices e-learning course. This course not 
only helps boat operators maintain safe and compliant 
operations but also serves to remind them of important 
aspects of maritime safety as they relate to diving, 
making it a useful program for boat-diving operations 
all over the world.

Designed for maximum convenience, these courses 
include resources that dive operators can use to help them 
in every facet of their operation and from anywhere. To 
begin your course, log in to DAN.DiverELearning.com  
and go to the “Available” tab to find the course that 
interests you.

Dive operators can easily integrate these courses into 
their existing dive staff training. When staff complete 
these programs, it can enhance their operation’s safety 
and illustrate the dive operation’s commitment to safe 
diving. Even divers who are not running a dive business 
can benefit from these easy-to-access courses, giving 
them the knowledge needed to gauge the safety of an 
operation and alerting them of risks to mitigate when 
diving unguided. 

NEW DAN E-LEARNING COURSES
PROGRAM SPOTLIGHT
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WHEN THE CONCEPTION CAUGHT FIRE on 
Sept. 2, 2019, while in California’s Channel Islands, the 
shock of the heartbreaking loss of so many lives spread 
through the dive community. That community includes 
everyone at DAN. Even though our headquarters 
is across the country, the feeling throughout the 
organization was that we had to do something. There 
had to be some way we could help.

One resource we have available, due to our position 
in the dive industry, is our relationship with many other 
dive businesses and organizations. We also have our 
DAN members and divers around the world who we 
have reached in some way. Our thought was to leverage 
those connections to help the families who lost loved 
ones. We launched a fundraiser with the idea that we 
could contact enough of our colleagues, friends and 
divers throughout the community and encourage them 
to give so we could provide financial relief. 

Fortunately, many other organizations were also looking 
for a way to help and united with us by contributing to the 
fund and helping increase the awareness of our effort. We 
thank the following partners that committed to helping 
us: American Academy of Underwater Sciences, California 
Diving News, Catalina Cylinders, Dolphin Divers of 
Sacramento, Diving Unlimited International (DUI), 
the Historical Diving Society, the National Association 
of Underwater Instructors (NAUI), the Professional 
Association of Diving Instructors (PADI), Professional 

Scuba Inspectors/Professional 
Cylinder Inspectors (PSI-
PCI), Scubapro, Scuba Diving 
International (SDI), Scuba 
Schools International (SSI), 
Undercurrent, Ventura County 
Sherriff ’s Office, and Women 
Divers Hall of Fame. 

We also had an outpouring of donations from 
individuals. Divers worldwide came together to help 
other divers. 

When we wrapped up the campaign, the dive 
industry had cooperated to raise $220,961 for the 
families of the 34 divers who lost their lives. All of the 
money raised is going to the victims’ families, with 
those who lost more than one loved one receiving a 
share for each person. We began sending the funds in 
late December and hope financial assistance can help 
ease one of the burdens left upon the families. 

“It has been heartening to see the dive industry 
and the community of divers around the world come 
together to help those most affected by this tragedy,” 
DAN President and CEO Bill Ziefle said. 

We won’t soon forget what happened, and the 
families of those divers will be on our minds and in 
our hearts. We also won’t forget that in times that are 
difficult beyond words, divers are indeed a community 
that cares for each other. We thank all of you.

HANDLING UNFORESEEN 
EVENTS close to home is hard 
enough, but when you are hundreds 
of miles away even small problems 
can be trying — or put you in 
real danger. Since 1980 DAN has 
been helping divers tackle troubles 
that arise during dives. Because 
travel is inherent to diving, we later 
expanded our services to better 
protect members as they ventured 
out to make their dives. 

In 2004 DAN created a travel 
insurance program to improve 
upon the travel assistance benefits 
all DAN members enjoyed. DAN 
Trip Insurance offers divers and 
their nondiving companions access 
to per-trip coverage that protects 

them from events outside the scope 
of their DAN member benefits and 
dive accident insurance. We later 
developed DAN Annual Travel 
Insurance for frequent travelers. 
Now members have access to 
premium benefits whether they opt 
to cover one trip with DAN Trip 
Insurance or every trip in a year 
with DAN Annual Travel Insurance.

DAN Travel Insurance policies 
provide flexible coverage for some 
of the most common problems 
travelers face. With a DAN travel 
insurance policy — per-trip or 
annual — travelers can avoid 
significant financial loss resulting 
from illness, injury, adverse 
weather, canceled flights and even 

unlikely situations such as the 
financial default of a travel  
supplier. Travelers who choose 
to purchase coverage from DAN 
also gain exclusive access to 24/7 
emergency assistance, emergency 
evacuation coverage and concierge 
travel services.

Year after year, divers and travelers 
continue to purchase DAN Travel 
Insurance because it meets their 
unique needs and comes from the 
experts they have trusted for 40 years. 
To find the plan that best fits your 
needs, visit DAN.org/Travel. AD

COMING TOGETHER IN TIMES OF NEED
DAN DISPATCH

DAN TRAVEL INSURANCE
TRAVEL SMARTER
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At DAN, we’ve protected people who love the 

water for more than 35 years. And now with our 

new Per-Trip and Annual Travel Insurance plans, 

you can be covered wherever adventure leads, 

no matter what path gets you there. 

PER-TRIP COVERAGE
Protection for one special trip
n Comprehensive coverage

n Affordable rates

ANNUAL PLAN COVERAGE
Year-round, multitrip protection 

n Enroll once, travel often

n Savings for frequent travelers

Explore DAN.org/TRAVEL for complete plan details.

TRAVEL INSURANCE FOR 
ADVENTURE SEEKERS

DAN.org/TRAVEL

MEDICAL EXPENSE AND 
ACCIDENT COVERAGE
Travelers receive coverage for 
emergency evacuation costs and 
medical and dental expenses. 
Per-Trip and Annual plans 
include accidental death and 
dismemberment benefits.

TRAVEL
COVERAGE
Enjoy the world knowing you 
have trip cancellation and 
interruption coverage, missed 
connection compensation, collision 
coverage for your rental car and 
security evacuation.

BAGGAGE
COVERAGE
Adventure travelers explore with 
expensive gear. Pack confidently 
knowing that your baggage and 
sporting equipment are covered 
for loss. Baggage delay, return and 
delivery protection are included.
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ENCOUNTERS

FROM THE SIZE OF YAN’S 
EYES, it’s obvious that he is onto 
something. As soon as he’s sure we’ve 
seen him, he spins and swims like a 
missile back in the direction he came, 
with Anna and me trailing behind. 
When he settles on the sand next 
to a low-profile mound of Galaxea 
coral the size of a trashcan lid, we 
immediately realize that he’s found 
a pughead pipefish — a toothpick-
sized coral symbiont that we’ve been 
hunting across Indonesia and the 
Philippines for the past two years. 

With an outstretched hand, Yan 
slowly fans the colony. The gentle 
current causes the polyps to retract 
just enough to reveal a mated pair of 
pugheads weaving their way through 
the tentacles like snakes through 
grass. Red-eyed, white-faced and 
bedecked with speckles, the little 
chocolate-brown wonders are more 
exquisite than we imagined. 

At that time we believed that the 
species was rare, but it turns out 
they’re far more common than we 
knew. Before Yan’s discovery, we didn’t 
have the right search image to find 
them. Search image is a biological term 
describing how predators use their 
experience to form mental images 
for detecting cryptic prey. Naturalists 
have usurped the expression to explain 
why it becomes much easier to find a 
species once you have observed it in 
its natural habitat. For example, after 
the other guides on our liveaboard saw 
where the pughead pipefish live and 
became aware of their size, appearance 
and behavior, they quickly began 
showing off pugheads to their guests. 

Our hunt for the pughead pipefish 
not only illustrates the power of 
search images and the value of local 
knowledge but also reaffirms how 

difficult it is to find something you’ve 
never accurately imagined. Fortunately, 
the sea is full of unimaginable things 
still awaiting discovery, and most, like 
the pugheads, are small.

AMPHIPODS
About a year ago, I began hearing 
stories about little buglike crustaceans 
known as amphipods that make their 
homes inside tunicates. Since then I 
had been squinting inside the openings 
of tunicates without a bit of luck until 
we took a trip to a seaside resort town 
of Anilao in the Philippines. The local 
reefs support a thriving population 
of bluebell tunicates. Inspired by the 
bluebells’ delicate beauty, I once again 
took up my quest for amphipods but 
with no luck. 

Lazing around the boat between 
dives, I casually confess my failings as 
an amphipod hunter. Our guide looks 
up from his cup of tea and makes a 
most unexpected offer. “They live so 
deep inside you rarely see them by 
looking into the openings,” he said. 
“Loan me a flashlight, and I’ll find 
you one on the next dive.”  

The boat drops us near a shallow 
ridgeline festooned with bluebells. 
Instead of shining his light inside the 
openings, the guide aims the beam at 
the opposite side of the translucent 
tissue. Minutes later he points to a 
small silhouette fidgeting inside near 
the base. Apparently disturbed by the 
light, the amphipod scrambles up the 
side, leaps like an acrobat over the 
rim and lands inside a neighboring 
tunicate, where it sits on its haunches 
staring at me indignantly. 

CLOWN CRABS
Although not much bigger than 
a button, clown crabs are one of 

the most prized crustaceans in the 
Caribbean. Their stardom stems from 
eye-catching color schemes exhibiting 
the flamboyant exuberance of street 
art. The patterns are never quite the 
same on any two crabs, making their 
attire even more appealing. 

Unfortunately, clown crabs are 
not easy to find. During decades of 
searching, Anna and I have found 
less than a dozen, always at night 
when they creep out of hiding to 
feed. We are delighted when a guide 
on the western Caribbean island of 
Utila explains how to find the crabs 
during the day. Sure enough, his 
tips work to perfection. On our two 
morning dives we find four clown 
crabs tucked away right where he said 
they would be: inside carapace-sized 
cavities excavated in the sides of rope 
sponges. He had also suggested that 
we look for branches infested with 
zoanthid polyps.

The crabs hollow out the sponges 
as safe havens, where they hunker 
down during the dangerous daylight 
hours when predators prowl. The 
guide’s clue about the zoanthid 
polyps had us baffled, however, until 
we later learned that they are the 
favorite food of clown crabs. 
 
SEA SLUGS
Siphopteron hunting begs the 
question of just how small is too 
small. Aside from the challenge of 
spotting these peppercorn-sized 
relatives of nudibranchs, the tiny, 
shelled mollusks spend far more time 
burrowing beneath the sand than 
gliding across the surface. But if you 
ever have the fortune of encountering 
one of these little beauties, I guarantee 
you will be on the lookout for others 
— they’re that wonderful. AD

Small Wonders

Text and photos by Ned and Anna DeLoach
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Clockwise from top: an amphipod 
perched inside a bluebell 
tunicate (Clavelina moluccensis); 
Siphopteron; clown crabs 
(Platypodiella spectabilis); 
Braun’s pughead pipefish 
(Bulbonaricus brauni)

“They 
live so 
deep 
inside 
you rarely 
see them 
by looking 
into the 
openings.”

http://alertdiver.com/
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DIVE FITNESS

IT IS IMPORTANT TO OPTIMIZE SAFETY WHILE DIVING by preparing your body for unexpected movements. 

The added weight of scuba gear raises your center of gravity, making your body less stable. That is why a 

small roll of a boat or an uneven step can have a larger than usual impact when you’re standing in full gear. 

Physioball exercises will help develop strong stabilizing muscles, which are beneficial for maneuvering in 

water and on a rocking boat. The exercises prime these muscles to act quickly and effectively if you need to 

catch your balance, thereby protecting the integrity of your joints. There is no ground-reaction force in the 

aquatic environment, so your core musculature generates your propulsion.

Complete three circuits of eight repetitions of each of the following exercises. The physioball provides 

an unstable surface, so the movements may feel shaky at first. Move slowly, and focus on proper form as 

your nerves learn to activate the correct muscle fibers. Gradually increase repetitions of each circuit until 

you get to 12 repetitions of each exercise.

Physioball Stability Exercises

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

Photos by Stephen Frink

HIP BRIDGE (HIPS AND ABS) 

1. Begin by lying on your back 

with your knees bent and heels 

resting on the ball. 

2. Your arms, hands, shoulders 

and head should stay in 

contact with the floor to 

ensure stabilization. 

3. Raise your hips while 

maintaining upper body 

contact with the floor. 

4. Lower to the starting position in 

a controlled manner. 

Tip: Do not put weight on your neck. 

Modification: Lift your hips as high 

as you feel comfortable. Listen to 

your body. 

Challenge: Try to hold the position 

for a few seconds while squeezing 

your glutes. Make sure your knees 

stay close together.

KNEE TUCK (ABS)
1. Start in a push-up position 

with your shoulders stacked 

over your hands, keeping the 

ball below your knees. 

2. Keep your legs parallel to 

ensure stability.

3. Concentrate on contracting 

your abdominal muscles. 

4. Flex the hips and knees to 

bring your knees toward  

your chest.

5. Extend your legs back to the 

starting position. 

Tip: Maintain a strong body 

throughout the motion. If your 

body starts to sag, stop and 

regroup before continuing.

Modification: Start with the 

ball closer to your waist for less 

distance to travel.

Challenge: Go into pike position, 

keeping your legs straight.

Knee Tuck

Hip Bridge
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LEG CURL (HAMSTRINGS AND GLUTES) 

1. Start by lying with your legs fully extended, placing the ball 

under your calves. 

2. Ensure your upper body maintains contact with the floor. 

3. Flex your knees, and lift your hips to move your glutes, rolling 

the ball closer to you.

4. After fully extending your hips, slowly return to the 

starting position.

Tips: Maintain a strong core. If your 

glutes start to sag, stop and regroup 

before continuing.

Modification: Start with a limited 

ROM (move the ball only a little bit 

with your feet).

Challenge: Hold the curled position 

for three to 10 seconds. AD

BACK EXTENSION (LOWER BACK) 
Strengthening the lower back reduces 

the risk of lower-back pain and stabilizes 

your spine.

1. Begin by lying face down, extending your 

arms and supporting your hips with the 

ball. Extend your legs while maintaining 

foot contact with the floor. 

2. Extend your back, and raise your upper 

body off the ball. 

 

Tip: Maintain a neutral spine with your arms 

extended in a straight line. Overextending 

the lower back can compress your 

intervertebral disc.

Modifications: Anchor your feet or have 

your feet touch a wall if you have difficulty 

keeping your body still. Start with the ball 

closer to your chest.

Challenge: Move the ball toward your hips, 

and try holding an extension for two to five 

seconds before releasing back down.

Back Extension

WALL SQUAT 
(QUADS AND GLUTES)
1. Start in a standing position 

with the ball supporting your 

lower back against the wall. 

Your feet may be further out 

than you expect.

2. Flex your hips and knees 

to 90 degrees, and lower 

your supported upper body 

toward the floor.

3. Maintain a neutral spine 

while keeping the knees 

in line with and behind 

the toes. 

4. Stand up and return to 

the starting position while 

maintaining core stability 

and balance. 

Tip: Lean back into the ball as 

you descend and ascend.

Modification: Everyone’s range 

of motion (ROM) is different, 

so squat to only 45 degrees 

until you are comfortable with 

the movement.

Challenges: Hold the squat 

position for three to 10 

seconds. Add a dumbbell.

Wall Squat

Leg Curl

http://alertdiver.com/
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LOCAL DIVING

SHADES OF AQUA AND 
TURQUOISE swirl together below 
the airplane like a scene from a 
Caribbean postcard. The Atlantic 
Ocean glitters below my window, 
and I feel like I’m touching down in 
a tropical place, but I’m worlds away 
from the sunny islands in the south. 

Resting just below the Canadian 
Arctic, the province of Newfoundland 

and Labrador is a far cry from your 
typical vacation destination. While 
Canada has a wide range of climates, 
rarely will you find an area like this 
that can go from sun to rain to snow 
to fog all in a matter of hours.

Surrounded by the frigid North 
Atlantic, this seaside province is the 
perfect mixture of sweeping coastal 
vistas and cozy little fishing villages. 

There’s a reason 520,000 residents 
call it home: They can’t get enough 
of the area’s natural beauty.

Those who travel for the 
adventure will be dazzled by 
Newfoundland’s many options, 
from whale watching via a Zodiac 
boat to iceberg spotting along the 
dramatic coastlines. Divers have 
even more to discover.  

Newfoundland
WHERE HISTORY AND DIVING COLLIDE

Joey Postma floats toward the anemone-covered bow 
of the PLM 27 shipwreck, one of four iron ore carriers 

German forces sunk near Bell Island in 1942. 

Text and photos by Ali Postma



Faro Blanco Resort & Yacht Club, Marathon
Your home away from home to rest and 
refuel in between your Florida Keys dives!

855-546-0338 or 305-743-1234 
faroblancoresort.com

Hall’s Diving Center & Career Institute, Marathon
Beautiful Wreck and Reef diving. Lessons and 

Career Training for professionals.
800-331-4255 or 305-743-5929 

hallsdiving.com

Lost Reef Adventures, Key West
SCUBA & SNORKEL Key West Coral Reefs. 
VANDENBERG Wreck dives. PADI 5 Star. 

800-952-2749 or 305-296-9737  
lostreefadventures.com

History of Diving Museum, Islamorada
Dive in, be amazed by the international 

collection! Enjoy family fun & events.
305-664-9737

DivingMuseum.org

Island Villa Rental Properties, Islamorada
Prestigious estates, retreats and island-style

 villas. Vacations & Locations.
877-664-4877 or 305-664-3333

islandvilla.com

Key Largo Bay Marriott Beach Resort
Florida residents, grab your fl ip-fl ops 

& escape to paradise.
855-410-3911 or 305-453-0000 

keylargobaymarriott.com

Horizon Divers, Key Largo
Daily dive trips to the reefs and 

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

horizondivers.com

Marina Del Mar Resort & Marina, Key Largo
Pet friendly rooms & suites on deep 

water marina. Free light cont’l breakfast.
305-451-4107

marinadelmarkeylargo.com

Florida Keys Dive Center, Inc., Islamorada
Premier Upper Keys dive and 

snorkel trips since 1983.
800-433-8946 or 305-852-4599

fl oridakeysdivectr.com

Why do people come from around the world to dive 
The Florida Keys? It’s not that deep. Our warm, clear waters 
are home to hundreds of wrecks, thousands of species, 
and the only living coral barrier reef in the continental U.S. 
All within a 2,900 square-nautical-mile National Marine 
Sanctuary that’s nothing short of heavenly.

fl a-keys.com/diving
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DIVING IN NEWFOUNDLAND
I had heard many tales about the 
incredible diving in Newfoundland, 
so when my travels landed me in this 
northern province on the eastern coast 
of Canada, I was excited about what I 
would find and what the underwater 
world would be like there. 

Thanks to its relatively sheltered 
location and lack of ocean current, 
Conception Bay is one of the main 
dive areas in Newfoundland. The 
diving here is chilly but full of history, 
and no place is more historic than Bell 
Island, a small mining island that’s a 
mere stone’s throw from the coast.   

People first mined iron ore on Bell 
Island in the 1890s. It became such a 
valuable commodity that the economy 
and demand expanded, and it wasn’t 
long before Bell Island turned into 
one of the largest producers of iron 
ore in North America. 

When World War II broke out, 
iron ore from Bell Island was a 
major contribution to the Canadian 
production of vehicles and munitions 
for the Allied forces. To slow down a 
supplier of the materials for steel and 
hamper the Allies’ war effort, German 
forces struck and sank four iron ore 

LOCAL DIVING
NEWFOUNDLAND

“To say the water 
in Newfoundland 
is chilly doesn’t 
even begin to 
describe the 
needles-
to-the-skin 
ache you 
feel when you 
first plunge your 
head under the 
surface.”

Above: An Atlantic wolffish 
(Anarhichas lupus) hides in a 
rocky burrow covered in pink 

and red plant growth.

Right: A pair of red-gilled 
nudibranchs (Coryphella 

verrucosa) bunch together 
to shelter themselves 

against the choppy swell.



Dive places that only a few are lucky enough to experience. 
Let us create your next breathtaking scuba diving vacation.  

Check out our diving destinations at blueotwo.com

© Dan Norwood
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carriers in the vicinity and making 
Bell Island one of the few locations 
in North America directly attacked 
during the war. 

From the moment I jumped off 
the boat to when I glimpsed each 
sunken iron ore carrier throughout 
my five-day diving excursion, I was 
blown away by the myriad things 
to see here. Bell Island was an 
underwater masterpiece filled with 
life, color and texture.

COLD BUT CLEAR
To say the water in Newfoundland is 
chilly doesn’t even begin to describe 
the needles-to-the-skin ache you feel 
when you first plunge your head under 
the surface. Trying to ignore the cold 
water as I swam along the decks of 
the SS Lord Strathcona, PLM 27, 
SS Saganaga, and SS Rose Castle, I 
enjoyed visibility that seemed to go on 
forever. The water was so clear it made 
me want to take a drink.

Every dive day started with a 
scenic boat trip to the dive site and a 
riveting dive briefing complete with 
3D maps and a short question and 
answer session. Then we would split 
into teams and take to the water. 

Wearing ample dive gear, I 
always looked forward to leaving 
gravity behind and taking a giant 
stride into the North Atlantic. As I 
descended the anchor line one pull 
at a time, I savored the suspended-
in-space sensation. The water was so 
transparent that it gave me a slight 
feeling of vertigo. I wasn’t alone in my 
enthusiasm for the incredible visibility 
— my husband and dive buddy, Joey, 
was also starry-eyed with excitement.

As we descended deeper, past 
floating ctenophores and pulsating 
jellies, my eyes connected with 
the wreck we were visiting on 
that day. Each ship had a massive 
superstructure that danced in the 
sunlight. The wrecks dwarfed us 

as we weaved around the towering 
metal frames.

The deepest of the four shipwrecks 
is the SS Rose Castle, which we visited 
several times during our trip. Resting 
between 100 and 150 feet, this 
mammoth 459-foot ship is considered 
the jewel of the Bell Island shipwrecks, 
in part because of its pristine condition 
but also because of the presence of 
soft coral and basket stars that are 
uncommon on the other wrecks. 

Walls, corridors and swim-throughs 
were all over this sunken time 
capsule. As Joey and I navigated the 
underwater maze, we made a point 
to check out the different chains, 
guns and miscellaneous objects that 
had gone down with the ship. Some 
of these artifacts seemed to be in 
the same spot where they landed in 
November 1942, when a German 
U-boat torpedoed and sank the vessel. 

The shallowest of the shipwrecks 
was the PLM 27, owned by the Paris-

http://blueotwo.com/
http://alertdiver.com/


Lyon-Marseille railway company. 
At a depth ranging from 50 to 100 
feet, the relative shallowness made 
for convenient exploration. Joey 
and I made a point to check out the 
rigging, the torpedo hole, the bow and 
what remains of the superstructure 
of the ship. The biggest downfall of 
the PLM 27 is that the vessel is the 
most damaged of the four Bell Island 
wrecks. Being so shallow, the upper 
deck has suffered significant damage 
from an iceberg or two over the years.

While some parts of the PLM 27 
lie in ruins, others are still perfectly 
intact. My favorite part to explore 
was the large propeller, which was the 
most impressive feature on the wreck 
and made for a fantastic photo op. 

Following the first few days of 
diving, after getting over my jaw-
dropping encounter with each iron 
ore shipwreck, I was able to acquaint 
myself with the rest of Newfoundland’s 
marine life, such as sea stars, crabs, 
anemones, lumpfish, flounder, jellyfish 
and cod. This coldwater paradise was 
jam-packed with scales and tails. 

Carpets of plumose anemones and 
pink coralline algae coat every square 
inch of the ships. Appearing as if 
crafted from glass, the anemones 
were the daintiest things I had ever 
seen. Never have I witnessed such 
beauty and fragility all wrapped into 
a single entity. Where one collection 
of anemones stopped, another began, 
with their colors jumbling together. 
There was so much life it was like a 
dreamy, underwater garden. 

Following the theme of magical 
coldwater critters, Joey and I had 
the good fortune of an up-close-
and-personal lumpfish encounter 
on our last day of diving. Ruby 
red and curious to no end, the 
lumpfish appeared to be thoughtfully 
calculating behind his inquisitive eyes. 
I carefully lowered myself so that 
my mask was eye level with him and 
watched as he tried to decide if I was 
friend or foe. 

An incredible week of diving in 
Newfoundland was over much too 
quickly. We enjoyed shipwrecks, 
wildlife and icebergs to our heart’s 

content. As worried as I was about 
frostbitten toes, the diving was worth 
any discomfort. Home to the only 
collection of World War II shipwrecks 
in Canadian waters, Newfoundland 
provided a surreal diving experience 
at the historic landmarks. 

This island gave me everything 
I wanted in a scuba destination: 
photogenic landscapes, underwater 
excitement and a longing to return 
soon. This hidden Canadian gem is 
proof that incredible diving exists far 
from the equator. AD

42  |  FIRST QUARTER 2020

1. S.S. Rose Castle
2. S.S. PLM 27
3. S.S. Lord Strathcona
4. S.S. Saganaga 

Conception
Bay

St. John’s

NEWFOUNDLAND

Bell
Island

2
1

34

LOCAL DIVING
NEWFOUNDLAND Clockwise from 

top left: Joey 
Postma looks out 
from Signal Hill 
at the foggy cloud 
coverage moving 
into St. John’s 
Harbour. An arctic 
shanny (Stichaeus 
punctatus) peeks 
out from behind 
the spines of a 
green sea urchin 
(Strongylocentrotus 
droebachiensis). 
The picturesque 
town of Petty 
Harbour has a 
kaleidoscope of 
colorful fishing 
boats and houses. 
Joey Postma 
watches as a 
male lumpfish 
(Cyclopterus 
lumpus) displays 
his red spawning 
coloration on the 
SS Lord Strathcona 
shipwreck.



SUUNTO D5
The new Suunto D5 is designed to be so clear and easy-to-use that you  
can just enjoy and focus on exploring the wonderful underwater world.  
Play with style by changing the strap to match your looks. After diving, connect 
wirelessly to the Suunto app to re-live and share your adventures with friends.

www.suunto.com

LET´S 
EXPLORE.
TOGETHER.

Suunto Diving @suuntodive

http://www.suunto.com/
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LIFE AQUATIC

P Y G M Y  S E A H O R S E S

Text and photos by Richard Smith, Ph.D.

Clockwise from left: Denise’s pygmy seahorse (Hippocampus 
denise), Satomi’s pygmy seahorse (Hippocampus satomiae), 
Pontoh’s pygmy seahorse (Hippocampus pontohi), Walea soft coral 
pygmy seahorse (Hippocampus waleananus), Japanese pygmy 
seahorse (Hippocampus japapigu)
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IN THE GLOOMY DEPTHS AT 100 FEET on a coral-
covered wall in Komodo, Indonesia, I caught my first glimpse 
of a pygmy seahorse. Like most first experiences with these 
tiny animals, it was fleeting, and I wasn’t able to observe them 
as I would have liked. When I had this encounter in 2002, 
researchers knew next to nothing about pygmy seahorse 
biology, and only one species was named. Little did I know 
that a decade later I would be the first person in the world to 
complete a doctorate on the biology of these diminutive fishes 
and would subsequently name new species of them.

Since the turn of the millennium, there has been a flurry 
of new pygmy seahorse discoveries. We now have seven 
named species across the Indo-Pacific. Georges Bargibant, 
a researcher in New Caledonia, discovered the first pygmy 
seahorse when he was collecting a gorgonian coral for 
the Noumea museum and found a pair of tiny seahorses 
on its surface. Bargibant’s pygmy seahorses are extreme 
habitat specialists that live only on the surface of Muricella 
gorgonians. Also known as sea fans, these corals can reach 
monumental sizes, measuring a couple of meters across. 

Denise’s and Walea pygmies also live in close association 
with certain corals. Through my research I have found 
Denise’s pygmy seahorses living with 10 different kinds 
of gorgonians, including whip coral bushes. The Walea 
pygmy, however, lives only with beige soft corals and in 
only one small bay in central Indonesia. Other pygmies are 
much more cosmopolitan in their habitat choices. Pontoh’s, 
Satomi’s and Coleman’s pygmies live almost anywhere on 
the reef, which makes finding and studying them more 
challenging because we have to scour more places to find 
them. My colleagues and I found a new pygmy species in 
2018; we named this resident of Japan and Taiwan japapigu.  

My involvement in the naming of Hippocampus japapigu 
came about after I visited Hachijō-jima, a tiny island just 
a 45-minute flight from Tokyo. In 2013 I was in Okinawa 
for a fish biologist conference, but I also planned a side 
trip to look for an odd pygmy seahorse that I had seen in a 
picture. Japapigu looks similar enough to Pontoh’s pygmy 
seahorse that no one had further investigated the odd fish 
in the photo; having seen many pygmies over the years, I 
was sure this seahorse was a different species. Not being 
a taxonomist, I was thwarted for a few years until I met 
seahorse taxonomist Graham Short at another conference, 
and we started talking about this unusual pygmy. On much 
closer inspection, Japapigu turned out to be quite different: 
Genetic analysis showed that it split off from all other 
pygmies around 8 million years ago.

Pygmy seahorses are very small, measuring half an inch 
to just over an inch (1.4 to 2.7 centimeters) in length. The 
smallest, Satomi’s pygmy seahorse, barely stretches across 
a dime. In addition to their size, true pygmies are slightly 

P Y G M Y  S E A H O R S E S

STORIES FROM THE STABLES
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different morphologically from their 
larger cousins. As adaptations to 
their small sizes, pygmy seahorses 
have a single gill opening at the back 
of the head, and males brood their 
fry in a special pouch within the 
body cavity rather than in a pouch 
on the tail like other seahorses. To 
confuse matters, there are also a few 
species of tiny non-pygmy seahorses, 
such as the dwarf seahorse found 
in parts of the southeastern United 
States; these are morphologically tiny 
versions of the larger seahorses.

Like all other seahorses, pygmies 
have the reproductive quirk of male 
pregnancy. In a process known as egg 
hydration, females internally ready a 
clutch of eggs about four days before 
they are due to mate. Daily dances 
and behavioral rituals with their 
partners allow pairs to synchronize 
their reproductive cycles, minimizing 
the time between broods to produce 
as many young as possible. When 
a pair mates, the female transfers 
her unfertilized eggs into the male’s 
brood pouch. The male fertilizes 
the eggs as they go into his pouch, 
as such he can be certain that he is 
the father of each baby he carries, 
which is almost unique in the animal 
kingdom. For this reason the male 
seahorse becomes pregnant and puts 
so much effort into raising the fry.

My research focused on the biology 
and conservation of Bargibant’s 
and Denise’s pygmy seahorses, the 
two gorgonian-living pygmies. I 
investigated their population sizes, the 
impacts of diver interactions, and how 
they use the space on gorgonian corals. 
One of the most unexpected aspects of 
my research, however, was their social 
and reproductive biology. Although 
reproductive biology is fairly well-
documented in other seahorses, no one 
had studied reproduction in pygmy 
seahorses. For much of my work I 
was based at a dive resort with an 
extraordinarily rich house reef where 
these seahorses are common. 

Over six months I dived several 
times a day to study different groups 
of Denise’s pygmies, discovering 
that once settled on a gorgonian as 
a tiny juvenile, they wouldn’t leave 
it again. After I selected a group at 
a suitable depth that enabled me to 
visit frequently, I began to collect 
data. I took close-up images under 
the trunk of each pygmy, which 
allowed me to identify the sex of the 
animals: Females have a tiny raised 
circular pore, and males have a slit-
like opening from where the babies 
will eventually emerge.  

One group of four individuals I 
studied included three males and 
one female — a perfect composition 
for investigating their social and 
reproductive biology. Over the years 
I had observed many groups with an 
odd number of animals, which made 
me wonder what would happen to the 
odd one out. All previous research has 
found seahorses to be monogamous, 
with neither male nor female mating 
again while the male was pregnant. 
This pair-bonding often lasts a season 
or even a lifetime, so a group with 
three males and one female would 
allow fascinating insight. 

After two months of recording every 
interaction for several hours each day, 
I found that pygmies are somewhat 
more risqué than their larger cousins. 
In their battles over the female, the 
three males were quite pugnacious and 
would frequently attempt to strangle 
each other with their tails. One epic 
battle involved all three males and 
resulted in one of them having a 
sprained tail for several days afterward. 
Like giraffes, the males also tried to use 
their necks to push each other over in 
displays of dominance. 

I was lucky enough to witness 
births on several occasions, with 
remating occurring just a few minutes 
later. I unexpectedly discovered that 
the female would alternately mate 
with the two largest males. With a 
12-day gestation period, the female 

would mate with the second male 
six days after mating with the first 
male. This cycle continued for several 
pregnancies. The third male never had 
any offspring during my study and 
was relegated to watching these mating 
behaviors, presumably hoping that one 
of the other males would eventually 
die and free up a spot for him. 

Like many marine creatures, 
pygmy seahorses have a precarious 
place in our oceans. I found them to 
have some of the lowest population 
densities of any seahorses yet 
studied. Furthermore, the species 
that directly rely on gorgonians or 
soft corals for their existence require 
a healthy host. Reefs throughout 
their ranges are heavily degrading, 
destroying the fragile hosts for 
pygmies. Divers can help through 
thoughtful and careful interactions 
with these delicate creatures. Do not 
touch the animal or its habitat, and 
avoid disturbing them with bright 
lights and excessive use of strobes.  

As is the case with many marine 
animals, we still have much to learn 
about pygmies. My colleagues and I 
are working on naming yet another 
new species of pygmy seahorse, 
which appeared in a most unexpected 
location. Keep your eyes open while 
diving — most pygmies have been 
found by eagle-eyed recreational 
divers and dive guides, revealing new 
species to the scientific community at 
an unprecedented rate. AD

LIFE AQUATIC
PYGMY SEAHORSES

Bargibant’s pygmy seahorse  
(Hippocampus bargibanti)
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In the late 1990s Paul Heinerth 
and I discovered a deep cave 
system at The Pit in Mexico’s 
Riviera Maya. My early photos 
there were disappointing, and 

that place haunted my memories 
for 20 years. In August 2018 

I returned to the cave, parking 
myself in the same nook in the 

ceiling. After about 90 minutes, 
the snorkelers and tourist divers 

parted, and a single ghostly 
figure swam into view. I snapped 

the photo that would become 
the front of my book Into the 

Planet: My Life as a Cave Diver. 
It was like looking at my ghost 

swimming through the hydrogen 
sulfide in the depths below. The 

second I hit the shutter, I knew I 
had finally captured the essence 
of The Pit. Photo by Jill Heinerth

RESEARCH  |  EDUCATION  |  MEDICINE
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GETTING DECOMPRESSION 
SICKNESS (DCS) while freediving is 
uncommon. Unlike when breathing 
compressed gas, freedivers typically 
do not accumulate enough nitrogen 
to provoke DCS. Over the past few 
years only a few cases of DCS during 
freediving have been reported, and 
they all were associated with repeated 
deep dives over a short time. Since 
there is little information, statistics 
or research about DCS occurring 
while freediving, most freedivers pay 
little attention to the problem. Until 
recently, I did not take seriously the 
possibility of DCS happening to me.

During 2019 I dedicated myself 
to training and participating in 
freediving competitions, and I set 
several U.S. national records. The 
season was intense, and I hoped to 
set three more records that fall at 
the last competition of the year in 
Indonesia, where I planned to dive 
to 328 feet (100 meters) using bifins. 
Arriving in advance, I had enough 
time for my usual one or two days of 
training followed by a rest day. 

Five days before the competition 
I planned three challenging dives 
without a day of rest, which was a 
mistake. To give myself confidence, I 
wanted to repeat my current record 
dives in training. The three-day 
plan was to freedive to 325 feet (99 
meters) using bifins, 233 feet (71 
meters) without fins and 312 feet 
(95 meters) pulling the rope, and 
then have two days of rest before 
the competition. Everything went 
according to plan, but after the third 
day I began to feel weird.

I failed my surface protocol by 
showing the OK sign and saying, 
“I am OK” after 22 seconds, when 
the time allowed is 15 seconds. 
The delay occurred because I was 
hypoxic, meaning that my body 
had inadequate oxygen. After 
getting to the platform, I felt weak 
and immediately began to breathe 
oxygen, which is a routine practice 
after a deep dive. The doctor noticed 
that something was wrong and told 
me to continue breathing the oxygen 
for about 30 minutes instead of 
the usual five minutes. I returned 
to shore, where my pulse, blood 
pressure and oxygen saturation levels 
were checked and found to be a bit 
off but still within normal limits.

I felt tired and returned to my 
hotel, where I soon noticed numbness 
and tingling in the entire left side 
of my body and the thumb and 
forefinger of my right hand. I didn’t 
know much about DCS and didn’t 
understand the seriousness of the 
situation, so I decided to try to 
sleep it off, but the weird sensations 
did not disappear with rest. While 
showering a little later, I noticed 
that the left side of my body did not 
recognize the water temperature. The 
next morning, my left hand stopped 
tingling, and the numbness subsided, 
so I decided to sleep all day, expecting 
that all the symptoms would soon 
pass. But my symptoms remained the 
same the following morning.

Understanding that I wouldn’t 
be able to compete now, I told 
the organizer about my problem. 
The symptoms indicated DCS, 

which meant that I needed to start 
a hyperbaric chamber treatment 
as soon as possible. I have DAN® 
insurance, so the competition’s 
organizers immediately contacted 
DAN. No evacuation could happen 
that day since the local airport 
closed at 5 p.m., so I would depart 
the next morning.

An ambulance took me straight 
from the hotel to the airport, and 
I was on a plane 72 hours after 
my dive. The aircraft was a private 
medical jet, and the staff and pilots 
understood that I had DCS, so the 
plane flew at the lowest possible 
altitude. During the flight they 
monitored my oxygen saturation, and 
the medical staff was ready to provide 
oxygen if needed. The flight and 
transportation to the Kuala Lumpur 
hospital took about three hours. 
About 80 hours after my symptoms 
began, I was in a hyperbaric chamber 
in Kuala Lumpur. 

Now I know that if DCS 
symptoms appear, it is critical to 
start a chamber treatment as soon 
as possible. I spent nine days in 
the Management and Science 
University Medical Centre in Kuala 
Lumpur, and during that time I had 
six sessions in a hyperbaric chamber 
for a total of 23 hours and 32 
minutes of treatment. I felt better 
after each session, and by the end of 
the sixth session my symptoms had 
almost disappeared. 

After I returned home, my 
symptoms worsened, and I called 
DAN again. I received five more 
sessions in the chamber at Mercy 
Hospital in Miami, Florida. My 
symptoms have almost disappeared 
again, and the doctors expect the 
symptoms will be gone within 
three months. I spent a total of 47 
hours and 17 minutes in hyperbaric 
chambers over 11 sessions, and if 
I did not have DAN dive accident 
insurance, the medical bills would 
have been more than $20,000. 

By Andrew Khvetkevich

RESEARCH, EDUCATION & MEDICINE
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Decompression 
Sickness While 
Freediving 
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 Now that I better understand 
the risks of developing DCS while 
freediving, I intend to be more 
careful by doing the following:

• not diving to my maximum 
depth for more than two days in 
a row

• taking as many rest days as 
necessary to fully recover between 
deep dives

• avoiding repeated dives to my 
maximum depth on the same day

• not taking a static breath-hold at 
a depth several times in a row

• not doing any depth freediving 
after scuba diving or any deep 
dives after static training or 
consuming recovery oxygen 
underwater

• breathing oxygen for five 
minutes at a depth of 16 feet 
(5 meters) after any dive deeper 
than 197 feet (60 meters) 
to dissolve the accumulated 
nitrogen in the tissues

Full lung packing leads to injuries 
associated with the rupture of lung 
tissue. I can fully pack my lungs with 
25 extra breaths, but during deep 
dives I take 20 breaths to leave about 
20 percent less than my maximum 
free for extra safety. Remember that 
for recreational freediving, lung 
packing is not necessary, and you 
must have specialized training to 
pack the lungs.

I learned that I should immediately 
call DAN when DCS symptoms 
appear, because the probability of 
a full recovery depends on how 
quickly you get your first hyperbaric 
treatment. I can rely on DAN for 
valuable help with evacuation, travel 
and dive-related medical expenses — 
and you can, too. AD

Clockwise from top left: Khvetkevich 
gets ready for a national-record dive, 

enjoys the depths in the Bahamas, 
is evacuated from Sabang, gets 

treatment in the chamber in Kuala 
Lumpur, takes a photo on the way 

to the chamber, recovers in the 
hospital, breathes oxygen in the 
chamber, receives oxygen while 

waiting for evacuation, and surfaces 
after a 95-meter (312-foot) dive.
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THE STRAPS OF THE SAFETY 
HARNESS BITE INTO MY 
THIGHS when the tender attaches 
a steel cable from a 10-ton crane to 
a carabiner between my shoulder 
blades. The crane’s cable retracts, 
and my feet lose contact with the 
ground. My tender’s hand tightens 

around my ankle to keep me 
from spinning as the crane swings 
me around. Like a motionless 
marionette, I hang limply over a 
pitch-black, seemingly bottomless 
shaft. I breathe deeply to slow my 
heart rate. The team waits patiently 
for my command.

“Diver down,” I say. The 
microphone inside my full-face 
mask transmits my words to 
earpieces across the worksite. The 
crane’s engine burps out a cloud 
of diesel fumes. The cable uncoils, 
and my first dive into a garbage 
dump begins.

Commercial diver Kathy Johnson navigates a narrow 
entry. Some landfill shafts were capped, which reduced 

the 48-inch diameter tubes to a mere 24 inches.

Opposite: Johnson’s hardhat is barely visible as the 
crane lowers her down a 10-story vertical shaft filled 

with pure methane gas. Divers work in pitch-black 
conditions to reduce the risk of explosions.

Text by Kathy Johnson | Photos by Greg Lashbrook
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Kent County in Western 
Michigan faced a serious problem. 
The drainage system at the county 
landfill, which keeps toxic liquids 
from overflowing and contaminating 
the surrounding groundwater, got 
clogged. Unfortunately, the landfill’s 
master plan did not account for 
clogged drains. 

The landfill is a 90-acre, 100-foot-
deep hole lined with an impermeable 
geomembrane. An 8-inch perforated 
line lies across the width of the hole for 
drainage. Every 50 feet developers set 
on end a 4-foot concrete sewer pipe to 
function as a giant inverted funnel. As 
the dump filled with garbage, workers 
added additional sewer pipe sections to 
create vertical shafts from the bottom 
of the dump to the top.

The 8-inch lines on the bottom 
were clogged, and the county had 
no idea how to reach them. They 
needed help and encouraged anyone 
capable of unclogging a pipe buried 
under 100 feet of decomposing 
garbage to submit a bid. 

METHANE DIVERS 
Wayne Brusate started his 
commercial diving business with 
one helmet and a communications 
system clamped to a 1-inch by 
6-inch board in the back of his van. 
Ten years later Brusate answered 
Kent County’s call for help.

“When we got there, it was not 
what I expected,” Brusate said. 
“They were dumping garbage over 
here and covering it over there. And 
the smell…!” 

Like a forgotten bag of lettuce in the 
back of the refrigerator, decomposing 
garbage turns into thick, black, smelly 
goo, which the waste management 
industry calls leachate. 

The inside of a back-alley 
dumpster on a hot summer day is 
the underlying fragrance of leachate. 
The stench of rotting flesh and 
seafood mixes with the noxious 
fumes of household cleansers to 
create the unforgettable leachate-
landfill aroma. 

The smell assaults visitors before 
reaching the site. The human brain 
intuitively identifies the smell as 
toxic and slams the nostrils shut. The 
next breath passes over the tongue 
and burns the taste buds. The urge 
to skip-breathe is overwhelming.

Brusate said leachate was not 
the biggest issue. Methane was 
of much greater concern. The 
vertical shafts contained hydrogen 
sulfide and methane, which can 
form in the absence of oxygen but 
can ignite in the right mixture 
with oxygen.

“We lit a couple of shafts on fire 
to test the equipment,” Brusate 
said. They found that the lack of 
oxygen limited the fire to the top 10 
feet, keeping the entire shaft from 
igniting. While the diver might be 
well below the flames, the umbilical 
unfortunately would be exposed.  

Brusate spent months developing 
and testing all the protocols 
needed to safely drop a diver 
down a 10-story shaft filled with 
pure methane gas. It took another 
six months to convince the U.S. 
Occupational Safety and Health 
Administration (OSHA) that it was 
safe from asphyxia risk.

Arnie Chickonoski is a 6-foot-tall, 
300-pound walking teddy bear and a 
great guy to have at the end of a rope. 
He’s a professional firefighter and a 
seasoned member of Brusate’s crew. 

“I couldn’t do it,” he said candidly 
about dump diving. One hour into 
his first dive, panic set in. 

“I told Wayne, ‘Get me out! 
Get me out!’” Chickonoski said. 
While the topside crew jumped into 
emergency mode to expedite the 
process, Brusate calmly talked him 
through the panic.

“The drainage system at the county 
landfill, which keeps toxic liquids from 
overflowing and contaminating the 
surrounding groundwater, got clogged. 
Unfortunately, the landfill’s master 
plan did not account for 
clogged drains.”

http://alertdiver.com/


“The next guy didn’t last much 
longer,” Chickonoski said. That 
diver succumbed to the heat: The 
dump’s interior temperature is a 
stifling, suffocating, heatstroke-
inducing 102°F. 

“I failed, and the next guy 
failed, so Wayne brings in a girl,” 
Chickonoski said. “And she did 
what we couldn’t.”

THE DIVE
The crane slowly lowers me into 
the shaft. The light dims. 

I scan the concrete walls and 
look for loose material. A tiny 
piece of concrete falling 90 feet 
could cause a painful bruise. 
Anything bigger than a golf ball 
was potentially lethal. 

I sparingly use a rubber mallet to 
knock off the loose bits and send 
them to the bottom ahead of me 
with the goal of not completely 
destabilizing the shaft’s walls. I 
slowly spin in a clockwise circle, and 
then counterclockwise, to keep my 
umbilical from becoming twisted.  

Spin, scan, knock. Spin, scan.  
Spin, scan. 

I keep my mind focused on the 
walls and not on my descent or 
what awaits me at the bottom. 
One of the other divers found 23 
somewhat-intact bird carcasses.  

The dump’s pungent aroma draws 
ring-billed gulls. From the birds’ 
perspective, the shaft’s rim appears to 
be a perfect place to roost. Tragically, 
the methane fumes asphyxiate 
the birds, causing them to lose 
consciousness and fall to their deaths.

Scan, spin. Knock, knock, spin. 
Twenty minutes later, my feet 

touch a semisolid surface. Hot  
mush swallows my feet and oozes 
past my ankles. Thankfully, the 
bottom solidifies before the mush 
covers my knees. 

“Stop. On bottom,” I tell the 
topside crew.

I peer through the darkness into 
the blackness. I’m used to zero-
visibility conditions, so the lack of 
light isn’t an issue, but the heat is 
almost overwhelming.     

“Slack,” I say. My feet sink 
another inch into the hot ooze as the 
harness releases its bite on my thighs. 
I ease down onto my knees before 
stopping the crane. I need enough 
slack in my lines to work, but too 
much and I risk entanglement. 

The shaft is the size of an old-
world telephone booth and feels as 
constricting as a middle coach seat 
in a row of strangers. 

I reach my hand into the hot 
black muck. Redundant layers of 
rubber significantly reduce my sense 
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Dive tender Tom Wille monitors Johnson’s progress as a crane lowers her 
into the landfill. 
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of touch. The top is watery but quickly 
thickens to an oatmeal consistency. I’ll 
need to remove about 2 feet of muck 
to access the drainage line. 

“Bucket down,” I say. Chickonoski 
gives the start command as he guides 
an empty five-gallon bucket down 
the shaft. He controls the bucket 
with an intricate set of hand signals 
to the crane operator. Both men wear 
headsets, but neither speaks. 

Looking up, I see only a tiny dot of 
light in the far distance, reminiscent 
of an eye exam. I lean back against the 
hot concrete wall and try to stretch 
out my legs. A garden hose hangs 
beside me; I open the nozzle and 
place it against the nape of my neck 
where the thin latex of my protective 
drysuit allows the water to provide the 
cooling sensation my body craves. 

The heat is slowing me down. 

I’ve lost track of how many hours 
have passed or the number of buckets 
we’ve filled, but I’d managed to remove 
most of the leachate mush using a 
small plastic trowel. I am glad I did not 
find any identifiable bird bits. 

Besides the incredible heat, the 
worst part of this job is sending the 
buckets back up. Chickonoski controls 
the crane cable, and a line tied to the 
bottom of the bucket allows me to 
guide it from below. Most buckets 
contain chunks of broken concrete. If 
the bucket snags and tips over, I’ve got 
nowhere to hide. 

To guide it safely is a slow, tedious 
process. It’s been a slow, tedious and 
stressful day.   

I enjoy the sound of the men’s 
camaraderie topside through the 
communications system; their voices are 
muffled as if coming from a television 

in another room. I hear bits of one 
conversation and pieces of another. 

“Hey, Arnie,” I say into space.
“What’s up, Kath?” His chipper 

tone is incredibly soothing. 
“Thinking about supper,” I reply. 
“What’s the plan?” he asks. In a 

time-honored commercial diving 
tradition, the restaurant is always the 
main diver’s choice.

“Mexican?” I suggest. 
“Sure, love me a wet burrito,” 

Chickonoski replies with a hearty 
laugh, adding, “Boss wants to know 
when we’ll be done.” 

“Three buckets and I’m out,” I say.
“Roger,” he replies. The 

background noises muffle again as 
he pushes his microphone into the 
collar of his coveralls.

With my garden-hose water 
flowing out of the bottom of the 
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shaft, I have finished today’s job. 
The topside crew works quickly to 
prepare for my ascent. While I wait, 
I distract myself by imagining I’m on 
a white-sand beach, and the searing 
heat is the welcome feel of the 
midday tropical sun.

I used to think the diver got to 
pick the restaurant as a result of 
having the hardest job. But that’s not 
true. Everyone on site worked hard. 

I had learned the reason had more to 
do with the fact that if anything goes 
wrong, the diver is the one most 
likely to die, making every meal 
potentially the last. It’s a sobering 
truth best left unspoken. 

The crane lifts me clear of the 
shaft and drops me straight into a 
decontamination shower.

The shower is the best part of 
this job. The blessedly cold water 

removes the black layer of leachate 
covering my suit and cools my 
body. I linger in the spray as the 
crew secures the worksite; my only 
thoughts now are on where to go 
for dinner. 

Author’s note: Following the system 
failures at the Kent County landfill, 
the waste management industry has 
changed landfill designs to incorporate 
long-term maintenance concerns. AD
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From left: Johnson suits up 
for a landfill dive in Grand 
Rapids, Michigan, wearing 
heavy rubber gloves over 
latex ones to provide an 
extra layer of protection. 
Johnson, who is wearing 
a positive-pressure mask 
to help reduce the risk of 
incidental exposure, waits 
for tenders to connect 
a crane to her safety 
harness. Johnson uses a 
decontamination shower to 
cool off after hours of work 
in the 102°F shafts. 

http://www.stuartcove.com/
mailto:info@stuartcove.com
http://alertdiver.com/
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Q: I had a stent placed earlier 
this year. My cardiologist 
is satisfied with the results 
and has cleared me to 
return to diving. The dive 
resort for my upcoming trip 
wants confirmation that the 
medications I’m taking are 
safe for diving. My doctor 
prescribed Brilinta (ticagrelor), 
Lasix (furosemide), Altace 
(ramipril), Zocor (simvastatin) 

and Toprol (metoprolol). I am 
62 years old and have been 
diving for 34 years.
A: Unfortunately your question 
doesn’t have a one-size-fits-all 
answer. The most important thing 
to understand is that doctors do not 
evaluate medications for safety; they 
evaluate the diver. The question is 
not “Are my medications safe?” but 
rather “Am I safe to dive?” Although 
medications are an important 

consideration when determining 
your fitness to dive, it is often the 
underlying condition for which you 
take the medications that you and 
your doctor need to evaluate in detail. 
Medication side effects may be a 
concern for diving, but the underlying 
diagnosis should be the focus when 
deciding someone’s fitness to dive.

Cardiovascular conditions need 
careful evaluation that may require 
input from both the cardiologist 
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and dive medicine physician. 
Compressed-gas diving introduces 
significant changes to the diver’s 
physiology that the body doesn’t 
experience with land-based sports. 
According to the 2018 edition 
of DAN’s Annual Diving Report, 
cardiac disease is the leading 
suspected cause of death for divers 
50 years old and older while diving. 
A fitness decision for someone to 
return to regular exercise activities 
does not necessarily equate to 
whether someone is fit to dive.  

The medications you listed are 
indicative of cardiovascular disease. 
While cardiovascular disease alone 
does not prevent you from diving, 
the extent of the disease may. 
Multiple medications may indicate 
multiple conditions that require 
control to minimize a heart attack 
or stroke. Any one medication is 
generally not an issue provided the 
condition is well-controlled, and 
your doctor needs to determine if 
diving would be a relatively safe 
activity for you. Your physician 
may want additional information 
such as exercise stress testing or 
even an echocardiogram to make 
that determination. 

DAN is available to consult with 
doctors and discuss risk factors 
specific to diving so they can make 
an informed decision about your 
ability to dive safely. We want 
everyone to enjoy diving but not at 
the risk of a possible bad outcome 
from an otherwise preventable event.

— Lana P. Sorrell, MBA, DMT

Q: After a week of very 
conservative diving in Roatan, 
I waited about 25 hours before 
flying home. A day or two later 
I had pain in my neck, which I 
have had intermittently for years, 
but this time it included a feeling 
of pins and needles, numbness, 

and weakness in my right arm. I 
didn’t have any symptoms while 
on the plane or shortly afterward. 
The intensity peaked about two 
weeks ago and now is getting 
better, but the symptoms are 
still present about 50 percent 
of the time. Could a preexisting 
injury delay offgassing, and why 
wouldn’t any symptoms appear 
earlier? Would radiculopathy in 
my right arm prevent me from 
diving to shallow depths (less 
than 40 feet)?  
A: DAN medical information 
specialists cannot render a diagnosis 
via the phone, internet or email. 
Arriving at a diagnosis is a complex 
process that requires a physician 
using clinical judgment, the 
patient’s medical and dive history, 
symptom evolution and findings 
on a physical exam. We can only 
comment based on our limited 
insight and index of suspicion.

Based on your description, it 
seems unlikely that your right 
arm symptoms could be the result 
of any form of decompression 
sickness (DCS) — especially in the 
absence of symptoms for a day or 
two postflight. Recreational divers 
tend to offgas any excess inert gas 
within the first 24 hours following 
the final dive. A condition or injury 
that compromises the blood supply 
to tissues may theoretically impair 
inert gas uptake and elimination. 
For this reason, some researchers 
think that DCS may be more likely 
at previous surgical or injury sites, 
but no data support this claim.

Regarding fitness-to-dive 
guidelines with preexisting 
spinal radiculopathy, physicians 
trained in dive medicine generally 
agree that if there are no 
neurological, physical or functional 
impairments, you can consider 
diving. They also agree, however, 
that because the similarity 
between neurological deficits 
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(related to the radiculopathy) 
and possible DCS can cause 
confusion when diagnosing a 
symptomatic diver, a detailed 
neurological examination is 
helpful. Knowledge of preexisting 
neurological deficits compared 
with a current neurological exam 
with previously documented 
results may help a diver avoid 
the need for an unnecessary 
hyperbaric chamber treatment.

Please discuss with your 
physician your interest in 
scuba diving. Your doctor can 
contact DAN for a physician-
to-physician consultation. We 
can also refer you to a doctor 
in your area who is trained in 
dive medicine. 
— Daniel A. Nord, EMT-P, CHT

Q: I was recently diagnosed 
with benign prostate 
hyperplasia (BPH). Can I still 
use Sudafed to aid with ear 
equalization when diving?  
A: BPH is a condition in which 
the prostate gland becomes 
enlarged. It is common in older 
men, affecting a large percentage 
of men over 60 years of age. 
Divers often use the decongestant 
pseudoephedrine (Sudafed) to 
assist with middle-ear equalization. 
These decongestant medications 
are a class of drugs known as 
vasopressor adrenergic. 

Physicians recommend that 
patients with BPH and other 
prostate conditions avoid taking 
decongestants. This medication 
causes tightening of muscles in 
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the prostate and neck of the bladder, 
making it difficult to pass urine. 

Antihistamine medications also pose 
potential complications for a diver 
with BPH. Seasickness or motion 
sickness plagues many divers, who 
often take antihistamine medications 
such as Bonine (meclizine) and 
Dramamine (dimenhydrinate). These 
medications can slow the flow of urine 
by not allowing contraction of the 
bladder muscle. 

Using decongestants and 
antihistamines if you have a history of 
BPH could lead to urinary retention 
and become an emergency, possiby in 
areas where medical care is limited or 

not convenient. Consider consulting 
with your treating physician to find 
safe alternatives to these medications.  

— Travis Ward, EMT-P

Q: I need a filling and a crown. 
What do I need to discuss with my 
dentist to address the possibility of 
tooth squeeze (barodontalgia) from 
air pockets? Are there other dental 
issues with scuba diving about 
which my dentist should know?
A: As a diver descends in the water, 
the ambient pressure increases and 
subsequently decreases upon ascent. 
This pressure change is easy to equalize 
in air spaces that have a natural 
opening to the outside, such as lungs 
and ears. When a tooth is damaged 
or decayed, air may enter but have no 
way of being equalized. The diver may 
experience tooth pain (barodontalgia) 

during descent as the air compresses 
with depth and/or on the ascent as 
the air decompresses. Tooth pain can 
also occur if dental care was of poor 
quality and allows air to enter or if an 
air space remains within the tooth. Air 
spaces can cause severe pain and even 
cause fillings and crowns to become 
loose or dislodged.

Tell your dentist that you are a 
scuba diver, so it is important to 
treat caries and repair defective 
dental work before diving to avoid 
air entrapment in your teeth. You 
should address any pain that comes 
with chewing, because in the course 
of normal diving you will be biting 
down on a regulator mouthpiece. 
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Be sure to allow enough time for 
complete recuperation from any 
dental procedures before leaving on 
a dive trip.

Forcefully clenching your teeth 
on your regulator mouthpiece 
can damage teeth and dental 
restoration work. Existing fillings 
and crowns age or can become 
damaged. Silver fillings generally 
last 10-15 years, while composite 
fillings last only 5-7 years on 
average. Crowns may last 5-15 
years. New caries can form. 

Your dental health should be 
included in your overall plan to 
maintain your dive fitness. Divers 
naturally give priority to aspects 
of dive health such as avoiding 
decompression sickness and 
monitoring cardiovascular health, 
and indeed these are high priorities. 
Severe tooth pain can also quickly 
ruin a dive trip, especially in remote 
areas or on liveaboards where there 
is no dentist to be found.

— Sheryl Shea, RN, CHT

Q: I’m taking multiple 
medications. What do I need 
to be aware of when taking 
medications while diving? 
A: Medications treat a variety 
of conditions. Some medicines 
treat an acute ailment such as an 
infection, and others are for daily 
maintenance of a chronic condition 
such as high blood pressure. So 
not only are the medications of 
concern, but also important are the 
conditions for which your doctor 
has prescribed them. Medications 
are probably metabolized in the 
water the same way they are on 
land. There is a concern, however, 
for potentiation in a hyperbaric 
environment or one with elevated 
partial pressures. Of special concern 
are psychoactive medications. For 
a DAN medic to be able to assess 
your fitness to dive, please provide 
a complete list of your medications 
when you call.

While medications are classified 
to determine their suitability to take 
during pregnancy or to determine 
the likelihood of developing an 
addiction, there is no classification 
of their safety for divers. 
Medications are dispensed with 
warnings about operating machinery 
or driving a vehicle while taking 
them, and such precautions may be 
as important while diving. 

If you are taking a new 
medication, plan to wait a month 
before diving to understand how 
the medication affects you and 
your condition. If you experience 
drowsiness, delayed response or any 
other inability to function normally, 
it is best not to dive until you have 
finished the medication. If it is for 
a chronic condition, talk with your 
doctor about finding a suitable 
substitute that will allow you to be 
fully functional while diving in case 
a problem occurs. Be aware of side 
effects and other limitations. When 
taking a beta-blocker to control high 
blood pressure, for example, there are 
often exercise limitations imposed 
that could present an issue if you 
are climbing a ladder while wearing 
your full kit or if you are swimming 
against a current. 

The next time you get a 
prescription filled or refilled, 
take a moment to read the insert 
that comes with the medication. 
Speak with the pharmacist about 
the most common side effects 
and then discuss these with your 
physician. Some side effects may 
mimic the signs and symptoms 
of decompression sickness 
(DCS) and could make a DCS 
diagnosis difficult. AD

— Robert Soncini, EMT-P, DMT
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A RESEARCH PHYSIOLOGIST 
with an impressive publication 
record covering mostly diving and 
naval medicine, David M. Fothergill, 
Ph.D., is the scientific director for the 
Naval Submarine Medical Research 
Laboratory (NSMRL) based at Naval 
Submarine Base New London in 
Groton, Connecticut. After he earned 
a degree in sports science at Liverpool 
John Moores University in England, 
his interest in diving physiology 
sparked during his kinesiology master’s 
thesis work in hyperbaric physiology 
at Simon Fraser University in British 
Columbia, Canada. While there, he 
discovered his passion for diving and 
got his first certification diving off 
the eastern shore of Vancouver Island. 
Following completion of his doctorate 
in occupational biomechanics at 

the Royal Free Hospital School of 
Medicine in London, England, 
he worked for the Naval Medical 
Research Institute in Maryland, 
specializing in diving physiology 
before his focus broadened to include 
submariners and submarine medicine 
at NSMRL. 

Tell us about where you work at the 
Naval Submarine Base New London.
The NSMRL is a military command 
under the Bureau of Medicine and 
Surgery. Its mission is the welfare, 
health and performance of the 
undersea warfighter, which includes 
both submariners and divers. Around 
70 people with varying backgrounds 
work here, including military, 
civil servants and contractors. 
There are physiologists, physicians, 

psychologists, engineers and support 
staff as well as a full dive locker 
and the historic Genesis hyperbaric 
chamber, which researchers have used 
for numerous studies over the past 
50 years, including saturation diving 
experiments in the 1960s. 

Besides being one of the U.S. 
Navy’s home bases for fast-attack 
submarines, New London houses 
training commands that prepare 
new submariners with the academic 
and technical training and skills they 
need to fulfill their duties. Undersea 
medical officers at NSMRL and 
other commands on the base assess 
submariners and divers, who must 
meet strict medical standards to serve 
and to participate in high-risk training 
such as pressurized submarine escape. 
The submariner duty assessment 

By Frauke Tillmans, Ph.D.

RESEARCH, EDUCATION & MEDICINE
RESEARCHER PROFILE

Supporting Those Who 
Serve Underwater
DAVID FOTHERGILL’S RESEARCH HELPS DIVERS AND SUBMARINERS



uses a screening test developed, 
administered and scored by NSMRL 
to determine psychological suitability 
for submarine duty. The base is also 
home to a 37-foot-tall, 84,000-gallon 
submarine escape training tower. 

What are the special considerations 
when dealing with submarines 
and submariners?
Any crew member in a submarine 
can involuntarily become a diver 
if the submarine becomes disabled 
or a fire breaks out and the boat 
sinks or becomes pressurized. Most 
submariners don’t go through 
diver training, but many of them 
experience pressurized submarine 
escape training that involves a 
15-foot free ascent as well as a 
37-foot buoyant ascent in a special 
survival suit. A research program at 
NSMRL focuses on ways to improve 
the survivability of submariners in a 
disabled submarine. 

Other special considerations for 
submariners include nutritional 
and physical fitness challenges, 
atmosphere contaminant exposures 
in the enclosed environment of a 

submarine, disruption of the circadian 
cycle due to the loss of day-night 
cues, and the social and psychological 
aspects of being in a confined space 
during long operations. 

I have worked extensively on the 
physiological and medical challenges 
of submarine escape, survival 
and rescue. One of my current 
projects focuses on establishing new 
biomarkers for pulmonary oxygen 
toxicity (POT), which may be of 
concern to submariners exposed to 
prolonged periods of hyperbaric air 
in a disabled submarine or in divers 
conducting prolonged decompression 
treatment using 100 percent oxygen.

You presented parts of your 
work on POT at international 
conferences this year. What are 
the unsolved questions regarding 
lung oxygen toxicity, and why are 
they relevant?
POT can be a mission-limiting 
factor for military combat diving 
operations. If we can increase the 
amount of oxygen and reduce the 
amount of inert gas in our breathing 
mixtures, we can reduce the amount 
of decompression stress on the 
diver and thus potentially reduce 
the decompression obligation for a 
given dive profile. Unfortunately, 
breathing a high partial pressure of 
oxygen while too deep or for too 
long can result in central nervous 
system oxygen toxicity or in POT, 
respectively. Susceptibility to POT 
is highly variable between subjects, 
and there are currently no good 
biomarkers to predict or assess how 
individuals will react to the oxidative 
stress on the lungs before the onset 
of POT symptoms. 

We currently measure the effects 
of POT via pulmonary function 
tests such as spirometry, but 
spirometry is not a very sensitive test 
for POT. Subjects can often produce 
normal spirometry values despite 
experiencing severe symptoms of 
POT. In our most recent study, 
we looked at impulse oscillometry, 
which measures the reactance and 

A Los Angeles-class fast attack 
submarine transits on the surface.
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Clockwise from top left: Researchers test the buoyancy force of the Submarine 
Escape and Immersion Equipment (SEIE) suit, which submariners wear if 
they need to escape from a disabled submarine. U.S. Navy divers participate 
in a long-duration hyperbaric oxygen exposure study. Fothergill presents his 
research about a new biomarker for pulmonary oxygen toxicity at the UHMS 
Annual Scientific Meeting in June 2019. Submariners participate in a study 
in the NSMRL treatment chamber evaluating the Morgan Breathing System 
2000 closed-circuit oxygen rebreather, which is designed to be used for 
administration of hyperbaric oxygen for recompression of submariners following 
rescue from a disabled submarine.
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resistance of the respiratory system. 
This measure of lung function proved 
to be a much more sensitive measure 
than spirometry for detecting the early 
onset of POT. 

To find a noninvasive biomarker 
to assess oxidative stress in the lungs, 
we have studied changes in expired 
nitric oxide (NO) in response to a 
prolonged oxygen dive. In earlier work 
we found that expired NO decreases 

in accordance with the duration of 
the dive as well as the concentration 
of oxygen breathed. We recently 
tested the accuracy of an empirically 
derived model to predict changes in 
exhaled NO based on the oxygen 
dose of the dive profile. Our results 
showed excellent agreement between 
the predicted and actual mean NO 
changes following high hyperoxic dives. 
Furthermore, we found that individuals 

with low expired NO levels before a 
given dive appear to have an increased 
likelihood of experiencing oxygen 
toxicity symptoms during repeated 
provocative hyperoxic exposures.

Does your research apply to 
recreational or technical divers?
One area of research that is of 
interest to both recreational and 
technical divers is the influence of 

RESEARCHER PROFILE
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carbon dioxide (CO2) on cognitive 
function. I was a subject in a 
1986 study looking at underwater 
exercise and changes in breathing 
mechanics during hyperbaric 
chamber dives on air to 165 feet 
of seawater (fsw). The narcotic 
sensation while exercising hard at 
depth changed based on the level 
of CO2 buildup (retention) during 
the experiment. It progressed 
from an enjoyable experience 
to feelings of apprehension, 
which quickly transitioned to a 
carefree attitude and significantly 
impaired judgment. Several other 
subjects who conducted the same 
experiment also exhibited similar 
symptoms but stopped the exercise 
early due to feelings of panic. Some 
subjects reported tunnel vision 
toward the end of the exercise. 

This early personal experience 
prompted me to research the effects 
of CO2 on cognitive function while 
at Simon Fraser University. In 
later research at the Naval Medical 
Research Institute, we found that 
the CO2 sensing capability of most 
divers is bad, and most of us have 
little awareness of the physiological 
and cognitive effects of CO2 until 
levels reach high concentrations. 

The breathing responses and 
symptomology during underwater 
exercise varied significantly when the 
divers experienced changes in inert gas 
narcosis, CO2 levels and inspiratory 
breathing resistance. We found that 
nitrogen narcosis tended to reduce the 
perception of respiratory effort during 
exercise and that individual divers 
showed a wide range of breathing 
responses to respiratory loading 
and inspiratory levels of CO2. 
Through these experiments with 
heavy work at depth, we witnessed 
CO2 defenders who increased 
their breathing to try to prevent 
their levels of CO2 rising during 
underwater exercise and who showed 
obvious signs of breathing distress. 

On the opposite end of that 
spectrum were the CO2 retainers, 

who had a blunted breathing 
response to underwater exercise in 
which they would let CO2 build 
up within their bodies and were 
less aware of their physiological 
situation. High levels of CO2 
could lead to a sudden loss of 
consciousness. Understanding the 
effects of CO2 narcosis is important 
for both recreational and technical 
divers who may retain CO2 due to 
conducting heavy work at depth or 
situations in which a CO2 scrubber 
fails in a closed-circuit rebreather. 
Some individuals may have no 
warning before they pass out. We 
do not completely understand 
whether these differences in 
breathing responses and CO2 
perception are hardwired or can 
change with training.

What is your next research focus?
I am investigating new ways to 
monitor contaminants in the 
submarine atmosphere. We need to 
think about the materials used in 
a submarine and what equipment 
is on board. Some materials might 
offgas and possibly release toxic 
substances or contaminants over 
long periods during a submarine 
patrol. In an environment where the 
worker goes home after eight hours, 
there is a respite from contaminant 
exposure, unlike for a submariner 
who has to live and work within 
the same recirculating atmosphere 
around the clock during a patrol 
with only sporadic surfacing for 
renewal of the atmosphere. While 
NSMRL’s ongoing Submarine 
Atmosphere Health Assessment 
Program has shown that we expect 
the submarine atmosphere to be 
safe, the new individual passive 
dosimeters we are investigating  
will allow us to more accurately 
monitor long-term exposure to 
various air contaminants to ensure 
the atmosphere remains within 
existing guidelines. 

Another area of active research 
by several investigators at NSMRL 
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involves combining techniques for 
using artificial intelligence for data 
analytics with new technologies, 
personal wearable devices and 
noninvasive monitoring of 
physiological status to predict 
when fatigue or stress levels affect 
performance (such as vigilance 
and situational awareness) on 
submarine-related tasks.

The effects of the gut 
microbiome on health and wellness 
have recently received international 
interest. New research suggests 
that the gut microbiome has a 
significant influence on the brain, 
and there seems to be two-way 
communication between the 
brain and the gut microbiome. 
Many factors such as diet and 
sleep schedules can affect the 
gut microbiome, especially in 
a submarine where fresh food 
is limited and sunlight, which 
provides day-night cues for 
circadian alignment and vitamin 
D, is scarce. NSMRL researchers 
are embarking on a study to look 
at the impact of a prolonged 
submarine deployment on a 
submariner’s gut microbiome. 

Findings from this study may 
point to novel ways in which we 
can enhance a submariner’s health 
and well-being during a patrol 
by providing targeted nutritional 
supplements or probiotics to 
improve their microbiome. 

Do you still dive?
I was certified by the National 
Association of Underwater 
Instructors (NAUI) in 1987 while 
I was working on my master’s 
thesis in Canada. In 2001 I trained 
as a U.S. Navy diver at the U.S. 
Naval Diving and Salvage Training 
Center in Panama City, Florida. 
The knowledge I gained and the 
ability to conduct dives at the 
commands where I have worked 
were invaluable, especially when 
troubleshooting my experiments 
and understanding the various 
stressors that military divers may 
encounter. We have an active 
Navy dive crew assisting with 
dive research protocols and diving 
regularly to maintain certifications, 
but I must admit that although I 
still enjoy diving, dives just for fun 
have become rare. AD

A subject prepares to undergo measurement of his respiratory responses to rebreathing 
the air inside the SEIE suit hood during a submarine escape simulation in the NSMRL 
Genesis hyperbaric chamber.
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THE NEW CAPTAIN JUMPED 
from the deck fully dressed and 
sprinted through the water. The former 
lifeguard kept his eyes on his victim 
as he headed straight for the couple 
swimming between their anchored 
sportfishing boat and the beach. “I 
think he thinks you’re drowning,” the 
husband said to his wife. They had 
been splashing each other, and she 
had screamed, but now they were just 
standing neck-deep on the sand bar. 

“We’re fine, what is he doing?” she 
asked, a little annoyed. “We’re fine!” 
the husband yelled, waving him off, 
but the captain kept swimming hard. 

“Move!” he barked as he sprinted 
between the stunned couple. 
Directly behind them, not 10 feet 
away, their 9-year-old daughter was 
drowning. Safely above the surface 
in the arms of the captain, she burst 
into tears and cried, “Daddy!”

How did this captain know 
from 50 feet away what the father 
couldn’t recognize from just 10 
feet? Drowning is not the violent, 
splashing call for help that most 
people expect. Experts had trained 
the captain to recognize drowning, 
and he could draw on years of 
experience. The father, on the other 

hand, had learned what drowning 
looks like by watching television. 

If you spend time on or near the 
water, then you should make sure that 
you and your crew know what to look 
for whenever people enter the water. 
Until the daughter tearfully cried out 
for her daddy after the captain rescued 
her, she hadn’t made a sound. 

As a former U.S. Coast Guard 
rescue swimmer, I wasn’t surprised at 
all by this story. Drowning is almost 
always a deceptively quiet event. The 
waving, splashing and yelling that 
dramatic conditioning from television 
shows us rarely happens in real life.

By Mario Vittone

RESEARCH, EDUCATION & MEDICINE
SAFETY 101

What Drowning Really Looks Like 



The instinctive drowning response 
(IDR), named by Francesco A. Pia, 
Ph.D., is what people do to avoid 
actual or perceived suffocation in 
the water. It does not look like 
what most people expect. There is 
very little splashing, no waving and 
no yelling or calls for help of any 
kind. To get an idea of just how 
quiet and undramatic drowning can 
appear from the surface, consider 
this: It is the second-leading cause 
of accidental death in children age 
15 and under, just behind vehicle 
accidents. Of the approximately 750 
children who will drown next year, 

about 375 of them will do so within 
25 yards of a parent or other adult. 
In 10 percent of those drownings, 
the adult will watch but have no idea 
it is happening. 

Drowning does not look like 
what we’re conditioned to think of 
as drowning. In an article in the 
Fall 2006 issue of the U.S. Coast 
Guard Search and Rescue’s On Scene 
journal, Pia described the instinctive 
drowning response as follows:

1. Except in rare circumstances, 
drowning people are physiologically 
unable to call out for help. The 
respiratory system was designed for 
breathing. Speech is the secondary or 
overlaid function. Breathing must be 
fulfilled before speech occurs.

2. Drowning people’s mouths 
alternately sink below and 
reappear above the surface 
of the water. The mouths of 
drowning people are not above the 
surface of the water long enough 
for them to exhale, inhale and call 
out for help. When the drowning 
people’s mouths are above the 
surface, they exhale and inhale 
quickly as their mouths start to 
sink below the surface of the water.

3. Drowning people cannot wave 
for help. Nature instinctively 
forces them to extend their arms 
laterally and press down on the 
water’s surface. Pressing down on 
the surface of the water permits 
drowning people to leverage their 
bodies so they can lift their mouths 
out of the water to breathe.

4. Throughout the instinctive 
drowning response, drowning 
people cannot voluntarily 
control their arm movements. 
Physiologically, drowning people 
who are struggling on the surface 
of the water cannot stop drowning 
and perform voluntary movements 
such as waving for help, moving 
toward a rescuer or reaching out 
for a piece of rescue equipment.

5. From beginning to end of the 
instinctive drowning response, 

people’s bodies remain upright in 
the water with no evidence of a 
supporting kick. Unless rescued by 
a trained lifeguard, these drowning 
people can only struggle on the 
surface of the water from 20 to 60 
seconds before submersion occurs.

This doesn’t mean that a person who 
is thrashing and yelling for help isn’t in 
real trouble — they are experiencing 
aquatic distress. Not always present 
before the IDR, aquatic distress doesn’t 
last long, but unlike true drowning, 
these victims can still assist in their 
rescue. They can grab throw rings or 
lifelines, for example.

Look for these other signs of 
drowning when people are in the 
water: 

• head low in the water, mouth 
at water level

• head tilted back with 
mouth open

• eyes glassy and empty, unable 
to focus

• eyes closed
• hair over forehead or eyes
• not using legs — vertical position
• hyperventilating or gasping
• trying to swim in a 

particular direction but not 
making headway

• trying to roll over on the back
•  appear to be climbing an 

invisible ladder

If a crew member falls overboard 
and everything looks OK, don’t be 
too sure. They may look like they 
are treading water and looking up at 
the deck. One way to be sure is to 
ask them, “Are you OK?” If they can 
answer at all, they probably are OK. 
If they return a blank stare, you may 
have fewer than 30 seconds to get 
to them. Parents should know that 
children playing in the water make 
noise. When they are quiet, get to 
them and find out why. Sometimes 
the most common indication that 
someone is drowning is that they 
don’t look like they’re drowning. AD
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The popular conception of what drowning 
looks like is not accurate. Unlike this 
photo, drowning people usually can’t 

call out for help, and there is very little 
splashing or waving. Drowning is actually 

a very quiet and undramatic action.
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IT WAS A BEAUTIFUL SUMMER 
day, and I was gearing up for a 
pool session with a family of three. 
While chatting about the family’s 
future vacation to Hawaii, we were 
all smiling and laughing. As a new 
open-water scuba instructor, I was 
as excited as they were as we arrived 
at the pool to begin our first day of 
confined-water training. 

We set up our gear, donned our 
wetsuits and entered the cool water. 
As we completed each confined-
water session, we took a short break 
on the deck to grab some water and 
snacks and enjoy the beautiful day.

While getting back in the water 
for our next session, we noticed a 
few bees in the area. We waved them 
off as a nuisance and continued with 
our training. After 15 or 20 minutes 
underwater, we surfaced and saw a 
swarm of bees near the deep end of 
the pool. The mother was anxious 
and said she was allergic to bees. I 
decided to halt the pool session and 
directed the students to calmly but 
swiftly remove their gear and exit 
the water. While I was assisting the 
mother in removing her gear, she 
exclaimed, “Ouch!” She had been 
stung on the back of her neck. 

After getting her from the water 
into a shaded area away from the 
pool deck, I noticed as I helped her 
remove her wetsuit that her neck was 
red and swollen. She said she was 
having trouble breathing, and I asked 
her if she had her EpiPen. She did, 
so I directed her husband to retrieve 
it from her purse while I calmly had 
her take slow, deep breaths. I retrieved 
my first aid bag and cellphone and 
activated my emergency action plan 
(EAP), calling my store manager to 
notify him of the situation and ask 
him to bring the oxygen unit. 

As I called 911, the husband 
returned with the EpiPen. I handed 
the phone to the husband, who 
reported the situation to the 911 
operator. I removed the pen from the 
case, confirmed the pen for name, 
date and medication and asked the 
woman if she could administer the 
injection herself. She shook her head 
no, so I removed the safety cap from 
the pen and assisted her with the 
injection to her outer thigh. Time 
seemed to stop for the 10 seconds 
that we both held the pen in place. 

The husband reported to the 
operator that we had administered an 
EpiPen injection as he and his teenage 
daughter watched intently. It seemed 
like we all held our breath to see if the 
injection would be effective. I looked 
at the daughter and saw her frozen 
facial expression, so I reassured her and 
reminded her to breathe. After the 10 
seconds passed, I removed the pen, 
wrapped it inside a towel and placed it 
next to my first aid bag. 

I continued to assess the patient 
while listening as the husband 
answered questions from the 911 
operator. He said that this was the 
second time she was stung this 
summer, and the reactions were 
becoming worse with each sting. 
Almost immediately after the 
injection, the wife was breathing 
more comfortably and beginning to 
talk. The husband breathed a sigh of 
relief and hugged his daughter. 

I took over the phone call and 
reported to the operator that the 
patient was now breathing easier. She 
complained that the sting was causing 
throbbing pain, and the 911 operator 
told us that an ambulance was on the 
way to our location and provided me 
with a few more instructions before 
hanging up. 

I sat with the woman as her 
husband and daughter gathered 
their personal belongings. She was 
thankful for my quick thinking, 
and I asked her if I could follow 
up with her later to see how she 
was doing. She got into the car and 
left for the hospital. For the next 
hour, I cleaned up the deck and 
documented the situation.

A few hours later I received 
a call from the husband. He 
reported that the hospital visit was 
quick, and the physician assessed 
her breathing and the sting area. 
The husband thanked me for my 
attitude throughout the situation. 
He said his daughter was especially 
thankful, attributing my calm and 
collected behavior to her being able 
to take the situation in stride. She 
didn’t panic because she didn’t see 
me panicked.

We had covered incidents like this 
during my instructor training but 
hadn’t elaborated on it. Since it was 
a dive class, we talked more about 
marine life injuries and illness than 
an environmental injury. I wanted to 
learn more following my instructor 
training and took the DAN Diving 
Emergency Management Provider 
(DEMP) program. This course 
was more comprehensive, and the 
instructor provided scenarios that 
broadened my knowledge beyond 
water-based incidents. 

Because of my DEMP training, 
I was able to quickly identify that 
my dive student was experiencing 
an anaphylactic emergency, and 
I immediately activated my EAP. 
Frequently practicing skills and 
scenarios outside of dive-related 
emergencies helped me keep this 
event from becoming something 
much worse. AD

70  |  FIRST QUARTER 2020

By Anne Strysniewicz

RESEARCH, EDUCATION & MEDICINE
SKILLS IN ACTION

Keep Calm, and Be Prepared
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Even a common occurrence 
such as a bee sting can quickly 
become an emergency that 
requires a response from a 
trained provider.
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By Olivia Jackson and Stefanie Martina

RESEARCH, EDUCATION & MEDICINE
INCIDENT INSIGHT

Divers

The necessary safety gear when diving 
from a boat includes several types 
of signaling devices, which can help 
rescuers find you in the event of 
separation from your buddy or boat.
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WITH SUNNY SKIES AND 
1-FOOT SEAS, the day was perfect 
for a wreck dive in the Gulf of Mexico. 
By the time our 20-foot boat arrived 
at the site 2 miles offshore, however, 
dark storm clouds were forming in 
the distance. We visually monitored 
the weather and checked numerous 
online forecasts while slowly prepping 
our gear. There were no signs of an 
imminent threat, so we proceeded 
with our dive plan. One person stayed 
behind for topside support. He had 
the demanding role of supervising 
our safety, which included vigilant 
weather monitoring in case degrading 
conditions required us to abort the dive. 

We surfaced 30 minutes later 
to noticeably stronger winds, 
larger swells and darkening skies. 
We quickly stowed our gear and 
prepared for a turbulent return trip. 
Several other boats that had been 
at the site were now gone except 
for one smaller boat in the distance 
with a dive flag still flying. It was 
getting battered by waves and nearly 
capsized from several broadside hits. 
It appeared that the divers hadn’t 
surfaced yet and that no one was 
managing the boat.    

An uneasy feeling came over us. 
Large raindrops began to fall as the 
storm was now nearly overhead. We 
knew that it would be a long ride 
back to shore, requiring thoughtful 
maneuvering and steady navigation 
to overcome the now 5-foot seas. As 
we nervously retreated, we scanned 
the waters for signs of divers. A diver 
soon surfaced about 20 feet away 
portside, which was nearly 500 feet 
from his boat. He was an older male 
holding a speargun and wearing a blue 
camouflage wetsuit. We called out 
to him, signaled for an OK sign and 
asked if he had a buddy. He was alert 
and kept fidgeting with his gear but did 
not respond to us. His disorientation 
and fatigue were apparent. 

With a black sky rapidly 
approaching, we knew that conditions 
were going to worsen but that we 
had to help. Without delay, our team 

jumped into action. Two people on 
board kept an eye on the boat in the 
distance and scanned the water for 
more divers. The others monitored 
and reassured the diver. Our captain 
positioned our boat so we could 
throw a rescue line to the diver. Once 
we towed him in, we assisted him 
with gear removal. He handed off his 
speargun initially without disengaging 
it and was slow to answer questions, 
reinforcing his distress. Shortly 
afterward, we noticed that his dive 
buddy had made it back to their boat. 
We called out and waved him down, 
and he quickly raced over to meet us 
and retrieve his buddy. His mood was 
surprisingly lighthearted, but ours 
was not. 

The storm was now upon us, and 
we had to expeditiously continue our 
departure, which prohibited us from 
learning what had happened with 
these two divers and what caused the 
vast buddy separation. The rescued 
diver was fatigued and would not have 
been able to make it back to his boat. 
This near-miss incident highlights 
numerous triggering events that could 
have escalated to cause an accident. 

IMPORTANCE OF  
TOPSIDE SUPPORT
The first identifiable trigger was the 
decision to dive off a boat without 
a topside attendant. A quick search 
through scuba diving forums reveals 
that this is a hotly debated topic. 

Topside support plays numerous 
roles. Support ensures that the 
anchor holds and that divers do not 
surface to find their boat floating out 
to sea. Support can also help divers 
with gear before and after the dive 
and with safe reentry into the boat, 
which is critical in the event of an 
emergency. It can also help to limit 
heavy postdive exertion, which can 
contribute to the development of 
decompression sickness. 

Topside support serves as a liaison, 
keeping watch of changing weather 
conditions and signaling to divers if a 
retreat is required. A dive plan should 

include a discussion of topside signals 
(for example, using continuous 
bangs with a wrench or tool on 
the side of the boat to tell divers to 
surface), along with dive times and 
contingency plans, which should 
be agreed upon and communicated 
between the divers and support. 
During the dive, support can be on 
“bubbles watch” and monitor that 
divers ascend according to plan and 
at the boat. If a diver ascends far 
from the boat, as was the case in this 
scenario, support can pull the anchor 
and navigate to the diver. 

In the case of a missing diver, 
topside support can promptly call 
for help. They need to know how 
to operate the vessel and should be 
familiar with the divers’ equipment, 
dive plan and emergency procedures. 
The vessel should have a first aid 
kit and an emergency oxygen unit, 
and support should have training on 
how to use them. Topside support 
should also note the boat’s starting 
position before moving to initiate a 
search. If search and rescue efforts 
are required, this information will be 
important for the rescuers.

SAFETY GEAR 
When diving from a boat, it is 
prudent for each diver to carry a 
surface marker buoy, whistle and 
flashlight. A separated diver can use 
these items to increase their visibility, 
which is crucial for successful rescue 
efforts. Consider high visibility when 
selecting gear for use. 

TAKE-HOME MESSAGE
Diving and boating involve some 
level of risk. Good divers are skilled 
at risk mitigation and management. 
When we fail to do this, we often 
neglect the risk imposed on our 
buddies and rescuers. The fate of the 
diver in this story might have been 
much different had we not seen him 
or been in the vicinity — and much 
worse for us if we had not made 
it out of the worsened post-rescue 
weather conditions. AD
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DIVING IS INHERENTLY RISKY, 
and dive professionals must take care 
of their customers and do their best 
to prevent accidents. But accidents 
may occur despite the best efforts to 
prevent them. 

Training, awareness, emergency 
action plans and insurance can 
help mitigate the consequences of 
accidents, but nothing can truly 
prevent you from being sued or even 
criminally charged. While insurance 
can limit your financial losses, 
accidents may produce consequences 
that can harm your reputation, cause 
you to face significant downtime with 
an associated loss of income, and may 
even have moral consequences that 
can cause personal health issues.

Prevention is key to reducing your 
risks; understanding these risks will 
help limit your exposure to legal 
consequences.

The following are a few of the 
most important risk factors to 
consider. While not an exhaustive 
list, these items are from incidents of 
damage, injuries and fatalities that 
prompted lawsuits.1 
 
• Failing to have, practice and 

implement an appropriate 
emergency action plan (EAP) 
— Taking inappropriate action in 
response to an accident or failing to 
follow the EAP can render worthless 
even the best preparations. 

• Losing a diver — Hundreds of 
resources can help you reduce  
this risk, but managing this 
situation when it occurs requires a 
specialized EAP.

• Failing to properly assess dive 
site conditions — Improper 
assessment, which includes 
accounting for situational changes 
and the required experience and 
preparedness of divers, can lead  
to liability exposure and injuries  
or fatalities.

• Failing to use a suitable health 
questionnaire and enforce 
its recommendations — Dive 
professionals need to create and 
follow formal procedures carefully 
to avoid causing harm to a student 
while still ensuring their privacy.

• Having inadequate preexcursion, 
predive and postdive briefings — 
Briefings must be thorough and 
given consistently before and after 
every dive or dive trip, regardless 
of the group’s experience levels. 

• Lacking appropriate first aid 
equipment and supplies — Plan 
for the longest return-to-shore 
journey in the event of a dive 
injury that requires oxygen, and 
consider the possibility of multiple 
victims. Ensure your supplies 
and equipment are sufficient, 
appropriately maintained and not 
expired. Being unable to render 
first aid presents significant risks.

• Failing to comply with adequate 
instructor-to-student ratios — 
These ratios exist to keep students 
safe, so not only is noncompliance 
a standards violation, but it can 
also result in undue harm, a diver 
lost at sea or even a fatality.

• Lacking suitable communication 
equipment — Divers need to be 
able to reach assistance in times of 

need. Most maritime rules require 
specific redundancy; sole reliance 
on a cell phone during shore or 
inland diving is ill-advised.

• Neglecting self, student or buddy 
checks — Failing to regularly and 
adequately perform these checks 
exposes every diver to accidents, 
especially when overlooking gas 
and buoyancy deficiencies. 

The exposure risk to liability 
and other claims for damages 
varies per location and depends 
on environmental conditions, the 
market, inherent site risks and 
geographic location, among other 
considerations. A careful risk 
assessment of each operation at 
every site is necessary to identify 
these exposures. Appropriate risk 
mitigation, enhanced awareness, staff 
training and retraining, and adequate 
professional liability insurance are 
essential to prevent accidents, control 
as much damage as possible in the 
event of an accident and provide you 
with suitable legal defense protection.

When an accident occurs or if 
you suspect something may happen, 
it is essential to immediately report 
these situations to your training 
agency and your insurer, no matter 
how great or small the anticipated 
consequences may be.2 Failure to 
report can seriously inhibit the 
ability of your insurance carrier to 
respond appropriately and protect 
your interest. Being prepared and 
having the incident on record will 
enhance your protection from 
potential consequences. AD

By Francois Burman, Pr.Eng., M.Sc.

RESEARCH, EDUCATION & MEDICINE
RISK MITIGATION

Reduce Your 
Liability Risk 

Notes: 1. The DAN Risk Assessment Guide for Dive Operators and Dive Professionals, which identifies many additional legal liability risks, can be found online as a 

free download at apps.dan.org/Publication-Library/.  2. Download DAN’s article on incident aftermath at DAN.org/files/Incident-Aftermath-What to DoLiab.pdf.
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WHENEVER SOMEONE ASKS 
ME about diving in Indonesia, I 
think of the limiting factor of range, 
for there is no single dive experience 
there. Instead, dive operators have 
developed a subset of itineraries 
around the hub of a domestic 
airport, with seasonal considerations 
providing further refinement. The 
bad news is that the choices can 
be a bit overwhelming. The good 
news is that they are all good, albeit 
surprisingly different.  

Airport locations determine 
Indonesian dive travel to a great 
extent. Fine diving is available 
throughout the country, but you 
have to get to it. Even if you plan 
to cruise by liveaboard, the logistical 
range is tiny compared with the vast 

expanse of the world’s largest island 
nation, which spans about 3,200 
miles east to west and about 1,100 
miles north to south. The United 
Nations has verified the names of 
16,056 Indonesian islands (out of the 
17,508 total islands reported by the 
Indonesian government), but only a 
dozen of these have airports.  

Most international flights land 
in either Jakarta or Bali, but from 

there domestic flights provide access 
to some of the most iconic regions 
of the Coral Triangle. You can 
reach Raja Ampat from Sorong, the 
Bunaken National Park or Lembeh 
from Manado, or Komodo by flying 
into Labuan Bajo or traveling by 
liveaboard from Bali. 

For this Banda Sea adventure, we 
chose to fly into Ambon for its world-
class macro opportunities, cruise 
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From Ambon 
to the  
Forgotten Islands
Text and photos by Stephen Frink
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along a route through the Forgotten 
Islands and depart from Saumlaki. 
This itinerary, which is best between 
October and December, gave us 
the liberty of sampling new reefs all 
along the arc of islands and a much 
greater cruising range as opposed 
to returning to Ambon for our 
departing flight. 

The “Ring of Fire” appellation 
of this region came into sharp 

focus two weeks before our trip 
when a 6.5-magnitude earthquake 
struck on Sept. 26, 2019, with 
the epicenter just 26 miles 
northeast of Ambon. It damaged 
or destroyed more than 6,000 
structures throughout Maluku, 
killed 41 people and injured almost 
1,600 others. More than 1,000 
perceptible aftershocks occurred in 
the following week.  
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Our group arrived on Oct. 10 
and uneventfully transported from 
the airport to the boat. Only then 
did we learn that an earthquake 
occurred in Ambon earlier that day. 
The Indonesian publication Tempo 
provided the following details: “The 
series of shocks began after 13:30 
local time when a size 5.2 earthquake 
rocked Ambon. Three minutes 
later, a 4.6-magnitude quake hit the 
city, followed by four more, weaker 
shocks. The streak of shocks prompted 
residents to leave their workplaces and 
schools in panic as they dashed and 
scoured for a safe place to take shelter. 
The quake-driven panic caused chaos 
as people scrambled to reach higher 
grounds. The situation caused traffic 
congestion in almost all central areas of 
Ambon City.” 

While the serene view of the 
setting sun behind the hills of 
Ambon from the bow of the boat 
did not reflect the anxiety that 
residents must have felt, I had the 
weird sensation of feeling those 
aftershocks course through my 
body on our first dive at Ambon 
the next morning. I was set up to 

photograph a Rhinopias when the 
tremors came through. It felt much 
like distant dynamite fishing (which 
I have also regrettably experienced 
in Indonesia), except it was a brief 
series of shocks instead of a single 
one. The earthquake didn’t affect 
anything for us at sea, and we didn’t 
feel any more shocks while in the 
water after leaving Ambon. Volcanic 
activity, however, is both a way of 
life and proof of the geological youth 
of certain areas of Indonesia.

The macro life in Ambon is 
astonishing. In retrospect, I wish 
the dives here hadn’t been the first 
few of the trip because we didn’t 
expect the abundance of unique 
photo opportunities. We should have 
assumed that our first dive at Laha 
could not be business as usual after 
encountering weedy scorpionfish, 
ornate ghost pipefish, frogfish, 
thorny seahorses, juvenile emperor 
angelfish, wonderpuses, coconut and 
mototi octopuses, and my first-ever 
coral catshark.  

It was a spectacular checkout dive. 
The visibility was about 60 feet, 
which is quite good by the standards 

of muck dives in general; when my 
world is little more than the 1 foot 
in front of my 100mm macro lens, 
however, the other 59 feet are just 
for fun. The diving was so good 
that we spent the day there and 
continued into a night dive.  

We woke up to a day of diving at 
Nusa Laut, and this was our first 
glimpse into what would be the 
defining aspect of this itinerary for 
me: the vast and beautifully intact 
fields of hard corals. Unless you have 
seen the corals that you thought 
would be there forever vanish in a 
geological blink of an eye, you may 
not appreciate how revered these 
coral gardens should be. If your 
baseline is contemporary, you’ll be 
merely impressed. If you established 
your baseline even a decade ago, 
you’d be grateful and even emotional 
when seeing reefs such as these. 

The antler corals were 
extraordinary, with multiple species of 
staghorn covering the reef slope and 
large schools of goatfish swimming 
above. Divers who took the time to 
explore the sand and rubble channels 
separating the football-field-sized 
coral aggregates found robust ghost 
pipefish, hawksbill and green sea 
turtles, leaf scorpionfish, pegasus 
seamoths and even reclusive garden 
eels in abundance.  

As a change of pace, we left the 
reefs along the outside of the island 
for a night dive on the Nalahiya 
Jetty. I anticipated pilings draped 
in soft coral, so the marginal 
visibility and lack of decoration were 
underwhelming. As we were set up 
for macro subjects, finding octopuses, 
nudibranchs, cowries and multiple 
species of shrimp blunted the 
disappointment. Still, as night dives 
go, this was not the most productive.

By our third day of diving we 
had progressed to the dive sites at 
the offshore islands of Run and 
Nailaka near the island of Banda 
Neira. Between Run and Nailaka 
is a shallow reef and a vertical wall 
adorned with large barrel sponges 

Below: Bumphead parrotfish swim near Run Island. 

Opposite, clockwise from top: Soft coral crab (Hoplophrys oatesii), poison ocellate 
octopus (Octopus mototi), mandarinfish (Synchiropus splendidus)

Previous page: Vast fields of staghorn coral define the underwater view of many of 
the dive sites throughout the Forgotten Islands, while the serene view of the setting 
sun from a liveaboard heralds a stellar night dive.
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and sea fans that became a luxuriant 
canvas for wide-angle shots with 
a lionfish foreground and diver 
background, an often-presented 
opportunity. The lush foregrounds 
combined with the exceptional 
visibility here to emphasize the 
“Banda blue” found in select regions 
of this itinerary. While visibility here 
was easily 100 feet, other areas were 
more like 50 feet. Our briefings 
included whether the dives were 
more about cryptic macro critters 
or wide-angle vistas washed by clear 
water, so we were prepared with the 
optimal optic on each dive.

On our second dive off Run, 
we encountered a large school of 
bumphead parrotfish. I’ve rarely 
had good luck getting close to large 
schools of bumpheads until earlier 
in 2019 while diving Sipadan Island, 

where bumpheads are common. 
The more acclimated to divers they 
are, the closer you can get, so I was 
surprised at how relaxed this school 
of bumpheads was since it isn’t likely 
they see many divers in the course of 
the year. The cruising season is only 
a few months long, and not many 
liveaboards pursue this itinerary. 
Sipadan allows 120 visitors per day, 
so maybe 40,000 divers per year. 
Here there might be only 300 to 400 
divers per year, so our close encounter 
with bumpheads was fortuitous.  

MARINE LIFE IN THE BANDA SEA
While on this cruise I gathered 
general observations of marine 
life. I was surprised to note that 
the catshark on the night dive was 
the only shark I saw the entire 
week. There are hammerheads in 
the Banda Sea, and many divers 
come here just to see them and are 
prepared to make deep dives to do 
so, making it a highlight of their 
itinerary. Just because I didn’t see 
them doesn’t mean they weren’t 
there. I concentrated on the shallow 

reef, rarely diving below 90 feet. 
Here I was reminded that “remote” 
is not the same as “protected.” 
Anywhere we can go in Indonesia 
on a dive boat, a fishing boat from 
the Philippines or China can go as 
well and likely has already. The local 
villages, for the most part, do only 
sustenance fishing, so the lack of 
large grouper, snapper and sharks is 
more likely the impact of the fishing 
protocols of larger factory fishing 
boats with their indiscriminate nets. 
Indonesia has very successful marine 
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protected areas, complete with 
patrol boats for enforcement, in Raja 
Ampat, Triton Bay, Cenderawasih 
Bay and Komodo, among others. 
The islands dotting the Banda Sea 
don’t have the same protections. 

The smaller reef dwellers 
were abundant, and the macro 
opportunities were sublime. Unusual 
creatures such as sea snakes are 
evocative of the region. If you expect 
to see a plethora of medium or large 
fish, you may be disappointed. This 
itinerary will deliver spectacular reefs 
with extraordinary coral cover as 
well as wonderful opportunities for 
portraits of colorful reef dwellers. 
You might see a manta ray or a 
whale shark, but other areas of 
Indonesia are slam-dunk locations 
for those. For sheer density and 
diversity of coral reefs, however, the 
Banda Sea is hard to beat.

In the afternoon we dived a reef 
slope choked with corals — mostly 
branching coral such as staghorn but 
also massive lettuce coral colonies — 
just off Banda Island in the flow of 
a volcano that last erupted in 1988. 
The explosion of coral growth in just 
31 years, from the time molten lava 
scarified the seafloor until today, where 
there is no place to set an errant fin 
tip, speaks to water quality and the 
lack of destructive fishing practices 
such as dynamite or cyanide. To float 
in 30 feet of water with 120-foot 
horizontal visibility and see nothing 
but pristine coral within your field of 
view is a magical moment indeed.  

This cruise didn’t offer a lot of 
land tours, but we made one that 
afternoon at Banda Neira. During a 
visit to the local museum and a hike 
to Fort Belgica, which overlooks the 
harbor, we learned about the nutmeg 
harvest that was the economic driver 
of this region in the 16th century. 
The Spice Islands, as they came to be 
known, were the only places to find 
nutmeg and mace. Arab and Asian 
traders tried to keep the islands a 
secret to preserve their exclusive 
access to these sought-after spices 

and their control of the European 
market. The Dutch eventually 
located the islands, gained control of 
the nutmeg plantations and killed or 
enslaved the Bandanese population 
to work the plantations. The English 
and Dutch fought over the islands 
throughout the 17th century. In 1677 
England relinquished the claims 
they had made in the Banda Islands 
in exchange for New Amsterdam, 
which they renamed New York. The 
real estate in Manhattan might be 
more valuable today, but the diving 
is still better off Run Island. 

By our fifth day at sea we were off 
Hatta Island. The images from that 
morning were remarkable for the 
cobalt-blue water and astonishingly 
lush growth of large sea fans, a 
signature of the dives at Karang 
Hatta. Just as I wished I had known 
how unusual the macro dives were 
at Ambon relative to the rest of the 
itinerary, I wish I would’ve known 
to expect the impressive, colorful 
filter feeders here. Now you know to 
take your 100mm macro lens, and 
don’t miss a dive in Ambon, just as 
you should take your fisheye lens 
and favorite dive model to Hatta 
and shoot, shoot, shoot. It’s just as 
well I didn’t know what I would 
find here, because I probably would 
have spent the day on wide angle at 
Hatta and would have missed one of 
the best critter dives of the trip that 
afternoon at Lighthouse Reef.

This was a shallow reef marked 
by, no surprise, a small lighthouse. 
The underwater view was isolated 
bommies hosting a wide variety of 
fascinating marine life. I went to 
one coral head because I saw opal 
sweepers swarming a small crevice 
and lionfish awaiting an opportunistic 
meal. Upon closer inspection, the 
crevice also contained a pair of large 
black-spotted moray eels, so big 
that I had to back up much farther 
than was ideal to fit both of them 
in the field of view of my 100mm 
macro lens. Later I applied the 
dehaze filter in my image-editing 

software to improve the visibility, and 
I ended up with a fine image. This 
dive also revealed leaf scorpionfish, 
hawksbill turtles, dogtooth tuna and a 
regrettably elusive Napoleon wrasse.

At dusk we were all in the water 
at Banda Island for the signature 
macro dive. Unlike many areas 
of the world where I’ve tried to 
photograph mandarinfish in their 
nightly courtship ritual, the substrate 
here was not the coral rubble that 
provides so many nooks, crannies 
and crevices for these outrageously 
colored (but diminutive) fish to hide 
from view. Instead, it was a mostly 
rocky bottom in only 10 to 15 feet 
of water, which made it easier to find 
a male and female pair on which 
to concentrate. The seafloor hosted 
a significant hazard though: It was 
dotted with long-spined sea urchins. 
While any ecologically enlightened 
diver has learned to bemoan the loss 
of the Diadema urchins throughout 
the Caribbean and Florida Keys 
for their role as algae-grazers, a few 
urchin spines poking through the 
knees of my wetsuit reminded me 
why I wasn’t all that distressed upon 
first learning of their demise.  

Banda Island has one of the world’s 
great mandarinfish dives, even though 
there are plenty of them throughout 
the Coral Triangle. It’s not that the 
fish are any different or the behavior 
at all unusual here, but the sheer 
quantity of mating pairs and the 
relative lack of concealment ramps up 
the productivity for this encounter.

The sea snake is another signature 
Banda Sea creature. Prodigious 
numbers of olive sea snakes and 
banded sea kraits dwell at the 
Tanjung Kelapa and Red Cliff dive 
sites off Gili Manuk, an isolated 
volcanic island. When two different 
dive skiffs return from different parts 
of the island, you can be certain 
that the other group saw more sea 
snakes than yours did. Divers from 
the other dive skiff claimed to see 
a dozen sea snakes in a field of 
view the size of a small bedroom, 
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Huge sea fans dominate 
the wall off Hatta Island, 

one of the more iconic 
wide-angle dive sites in the 

Forgotten Islands.
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while my group saw one or two 
intertwined in a field of view the size 
of a serving platter.  

Many other dive sites offered 
random encounters with sea snakes, 
but Gili Manuk provided the greatest 
concentration of them. My favorite 
sea snake shot of the entire trip came 
a few days later at Tanjung Kelapa 
(Coconut Island) with a single banded 
sea krait on a flyby. Fortunately, it 
happened along a very lush coral reef, 
and my photo-aware dive guide helped 
me by posing in the background to 
provide a sense of scale (see the cover 
of this issue).

At the beginning of this trip I 
had asked the crew for over/under 
photo opportunities anywhere on 
the itinerary — locations with 
something of interest in very shallow 
water and some bit of landscape 
in the view above. Knowing that 
these are places they might not 
usually dive and are best when 
photographed at low tide and in 
calm conditions, I like to plant the 
seed for an opportunity that might 
evolve organically at a later time. 
Locations with pristine corals and 
some level of topside attraction in 
the background are ideal. Some trips 
deliver no opportunities for this 
elusive wish-list item, but the Banda 
Sea provided several.  

The first was at Terbang Utara. 
We spent the final 15 minutes 
offgassing in 15 feet or less (5 feet 
for the over/under shots) surrounded 
by spectacular coral. Nyata Island 
was our second dive dedicated to 
a shallow coral garden with lush 
branching corals that rose almost to 
the surface. This site was the best 

and delivered stunning split shots for 
all who ventured forth with a wide-
diameter dome port and a fisheye 
lens. We had pristine corals for the 
under and an ideal over with the 
verdant island in the background.

Nil Desperandum is a remote 
seamount in the middle of the 
Banda Sea that is exposed at low 
tide and completely submerged at 
high tide. The crew speculated that 
perhaps 300 divers per year have 
the opportunity to dive here; if so, I 
have to compliment them on their 
buoyancy control because the fragile 
corals showed no indication of 
diver damage. In regions like these, 
however, cyclones, crown-of-thorns 
sea stars, dynamite fishing or even 
a marauding school of bumphead 
wrasses are more hazardous than 
humans. But here nothing had 
impaired the health of the reef.

Satiated with wide-angle shooting, 
I went back to my 100mm macro 
lens at Karang Dusborgh and had 
good luck photographing coral 
crabs in soft coral, Halimeda ghost 
pipefish, and longnose hawkfish 
in crimson sea fans. There was 
even a Pontoh’s pygmy seahorse 
in a fortunately benign posture in 
shallow water with no fragile corals 
nearby for me to impact while I 
immersed myself in a kind of macro-
esque tunnel vision.

For the next few days we 
continued to dive sites that would 
be good for either wide-angle or 
macro shots, depending on what 
our Banda portfolios might still 
need. Some of us went wide to cover 
the soft coral garden along Nyata 
Wall, the schooling batfish and 

midnight snappers at Kelapa Wall, 
and the massive sea fans at Tanjung 
Kelapa. Others went with a macro 
lens and came home with images of 
ornate ghost pipefish, zebra dartfish, 
Pontoh’s pygmy seahorses and 
porcelain crabs from the Dewara 
Slope. Hairy octopuses, blue-ringed 
octopuses and crocodilefish at 
Vaiwar were other macro delights.  

My takeaway from this trip, as 
compared with my other Indonesian 
itineraries over the years, was this is 
a marine wilderness that is remote 
yet not unaffected by humans. 
The absence of sharks was likely 
attributable to fishing pressure. Other 
large creatures, particularly planktonic 
filter feeders such as manta rays 
or whale sharks, may not find this 
environment to their liking. The sea 
snakes were particularly engaging, 
and the macro opportunities were 
quite fulfilling, especially when our 
eagle-eyed dive guides continually 
pointed to things too small or too 
well camouflaged for us to recognize 
otherwise. All of these reasons are 
enough for divers to want to sail from 
Ambon through the Banda Sea to the 
Forgotten Islands. 

The indelible memory for me will 
be the corals — the bonus I did not 
expect and most appreciated. Seeing 
acres of pristine coral should not 
be so unusual. In a world of global 
warming that brings coral bleaching, 
human influences that contribute 
to nitrification from sewage and 
fertilizers, and the impacts of cyclones 
or crown-of-thorns infestations that 
can decimate the reef tract, pristine 
is good. Pristine is special. Pristine is 
something to celebrate. AD
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From left: Juvenile emperor angelfish (Pomacanthus imperator), over/under at Nyata Island, banded sea kraits (Laticauda colubrina)



GETTING THERE: Expect long days 

of travel to begin this sojourn. I 

flew from New York to Jakarta, 

and then I took an Indonesian 

domestic airline to Ambon, but 

I had to overnight in Jakarta to 

make the connections. Many 

combinations of international and 

domestic carriers can get you 

there, but plan for two full days 

of travel both coming and going. 

We used Garuda Indonesia for 

our domestic air travel; while the 

weight restrictions are onerous, 

remember to advise them that 

you are traveling with scuba gear. 

They offer a complimentary sports 

equipment allowance of 50 extra 

pounds, which when combined 

with the 66 pounds they already 

allowed meant that I didn’t have 

to pay excess baggage fees on 

this trip — a fairly rare occurrence 

for an underwater photographer 

traveling to a remote destination.

As is normal for international 

travel, your passport must be valid 

for at least six months from the 

date of your arrival, and you need 

to have proof of return or onward 

ticketing. Your passport should 

have at least two blank pages.

This is a liveaboard destination; 

it is too vast to access from a 

resort-based dive operation.

CONDITIONS: Water temperatures 

range from 78°F to 84˚F, and 

visibility varies from 30 feet to 

120 feet. The best time to plan 

a Banda Sea crossing is from 

September to November and from 

April to May. Much of the transit 

is in the open ocean without an 

abundance of sheltered bays for 

calm anchorage, so it’s important 

to consider the likelihood of calm 

seas when planning your trip.

Most of the dive conditions were 

benign. It wasn’t necessary to go 

particularly deep to find the best 

things to observe, and because 

most sites were adjacent to islands 

or seamounts, they were easy 

multilevel dives with convenient 

offgassing on the ascent. We 

experienced some mild currents 

at some sites, but nothing that 

required a reef hook to stay in place. 

In a remote area such as this, a 

dive accident can be problematic. 

The boat will likely have to turn 

around in the event of major 

problems, and no airstrips are 

available throughout much of the 

cruising range to fly a stricken diver 

to a recompression chamber, so use 

conservative dive profiles. Every 

diver should carry DAN® insurance, 

because an accident could occur no 

matter how careful you are, and the 

cost of evacuation and treatment 

could be substantial.

How to Dive it
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From top: Schooling yellow goatfish (Mulloidichthys 
martinicus) at Nusa Laut, aerial shot of Run Island, 
honeycomb moray eels (Gymnothorax favagineus)
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WE ARRIVED AT THE RESORT less 
than two hours ago, and I haven’t yet 
unpacked my clothes. I have autographed 
the registration form, presented my 
certification cards and bolted together 
my underwater camera rig, and I am 
already boarding the dive boat. I told the 
dive center I was keen to get cracking, 
and they were delighted to oblige. 

Less than a minute after leaving the 
mooring in front of the resort, we’re 
tying to a dive site buoy just a few 
hundred yards down the beach. “We 
could have walked!” one of the guests 
quipped. The site, called San Miguel, 
is a black sand slope with seagrass in 
the shallows. We plan to descend to 
70 feet and zigzag back up the slope 
for an hour searching for critters 
while following our guides. 

When I reach the seabed, my guide, 
called Wing, is pointing to an orange 
flash of color on the dark sand. He 
beckons me closer, and I realize it is 
a young painted frogfish. Before I’ve 
settled to get an image, he’s found 
another, this time larger and bright 
yellow, and then a third, a white one. 
After an hour I have photographed 10 
different frogfish and turned down at 
least three others that weren’t in good 
positions. My brain is scrambling to 
keep up. I’ve made plenty of trips 
where it has taken a whole week to 
find this many critters, and here in 
Dauin I have yet to unpack my bags.

DAUIN AND DUMAGUETE DETAILS
Even regular visitors to the Philippines 
struggle with its geography; the 

country is more than 7,000 islands 
divided into 81 provinces. Dauin 
is a peaceful beach village about 30 
minutes by car from Dumaguete City 
(and its airport) on the southern coast 
of the island of Negros, about 500 
miles south of Manila. The Philippines 
has more than 22,000 miles of 
coastline and almost inexhaustible 
options for diving. Yet Dauin (or 
Dumaguete, as the area is also known) 
always features near the top of 
Philippine must-dive lists. 

This status comes primarily from 
its two-pronged dive attractions. The 
coastal diving is world-class when 
it comes to critters, as was evident 
from my check-out dive. About 5 
miles offshore and visible from all 
the resorts is Apo, a small island at 

D A U I N  D I V E               

The Philippines at its finest 
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From left: A pair of yellow pygmy gobies (Lubricogobius 
exiguus) look out grumpily from their home in an old 

heart urchin. This aerial view shows Apo Island. A 
greater blue-ringed octopus (Hapalochlaena lunulata) 

displays as it moves across the seabed. A pink 
anemonefish (Amphiprion perideraion) tends a clutch 

of new eggs revealed by their red color beneath its host 
magnificent sea anemone (Heteractis magnifica).

the junction of the Bohol and Sulu 
seas that has been home to a marine 
protected area (MPA) since the 1980s 
and is blessed with thriving reefs 
and, away from the coast, reliably 
clear waters. It is famed for lush coral 
gardens, turtles and fish of all types 
and sizes. I am itching to sample it, 
but for our first full day we plan to 
explore closer to the resort.

Plenty of small resorts are dotted 
along about 3 miles of coastline. 
You can stay and dive from Dauin 
beach at backpacker rates or in pure 
luxury. Resorts are not allowed to 
build on the beach or construct 
jetties, so the shoreline maintains a 
natural atmosphere of volcanic sand 
lined with palm trees. Unlike many 
other muck-diving meccas, the beach 

location gives it a vacation vibe and 
makes it feel like more than just a 
dive destination. Don’t be fooled 
though — diving and critter hunting 
is a serious pursuit here. 

OCTOPUSES GALORE
I am a sucker for cephalopods 
and make a point of enthusing 
about octopuses, cuttlefish and 
squid to Alfred, my guide today, 
to encourage him to make them 
priorities. A guide always leads the 
dives here, and most folks quickly 
learn to stick with them like glue, 
because they reliably find the most 
captivating critters at the end of 
their metal pointers. We have a busy 
day planned. Since all the sites are 
just minutes away by speedboat, 

my resort runs four hourlong day 
dives and a night dive daily, usually 
zipping back to the resort between 
each for meals, refreshments and 
camera fettling. 

Our first stop is a dive site simply 
called Punta, a prominent headland 
that juts out into coastal currents. 
Alfred explains that he has timed our 
dive to catch the change in the tide 
but not to be surprised if we have 
currents running in both directions 
at various points on this exposed 
site. The site is worth the effort. 
The sand and pebble slope initially 
looks desolate, but Alfred quickly 
reveals the treasures of an octopus 
city. Opening the show is a quartet of 
algae octopuses, which is a species I’ve 
not seen regularly in the past. These 
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octopuses continuously change their 
appearances, from smooth and golden 
to blotched brown and covered in 
tufts. I wish I were shooting video 
instead of stills to capture their 
instant transformations. 

Next I spot a wonderpus peering 
out of its hole and beckon for Alfred 
to come over. Lying low, he waggles 
his pointer stick in the sand nearby, 
and out swoops the wonderpus to 
investigate. It is heartening to watch 
the guides here following the hands-off 
philosophy that they preach in their 
briefings. Many divers have told me 
that in other parts of the Philippines 
the guides can be too eager to please 
and sometimes poke or prod a subject 
to pose. The guides I dive with in 
Dauin are brilliant spotters but leave 
the animals be and instantly step in if 
they see a guest overstepping the line.

For the next 40 minutes we pass 
the time with a pink painted frogfish, 
hairy frogfish, a trio of roughsnout 
ghost pipefish and then, with about 
10 minutes left, the star of the show 
— a blue-ringed octopus. This highly 
venomous cephalopod is always a 
treat to see, prowling the seafloor 
with an assurance that comes from 
such artillery. This one is a large 
individual, and we return several 
more times during our trip to find 
it out and about in the same area. 
Blue-ringed octopuses of all sizes are 
regular treats, and other sites produce 
longarm octopuses and flamboyant 
cuttlefish. Night dives are full of 
bobtail and bottletail squid resting 
on the seabed that rapidly cover 
themselves in the sediment should 
a diver fail to use red light when 
viewing them. 

SAFE SANCTUARIES
The Dauin coast is home to 10 small 
MPAs, mostly about 20 years old and 

with rules that the local community 
strictly follows to protect the marine 
life from fishing. Although many 
of these sanctuaries are quite small, 
together encompassing only 160 
acres, they cover many of the dive 
sites and allow fish, coral and critters 
to flourish. The area also has less 
plastic trash than many sites I visited 
recently in Asia. It is great to see 
subjects such as dwarf pygmy gobies 
living in natural homes like old worm 
tubes and sea urchin tests rather than 
in plastic bottles and cans. 

Despite dive site names like 
Sahara, the underwater topography 
of Dauin is more than just sand 
slopes. There is a wide variety of 
habitats from full-blown coral reefs 
to nudibranch-loaded rubble reefs 
and plenty of artificial reefs. Some 
artificial reefs have been underwater 
for more than 30 years and host 
flourishing marine life colonies. This 
diversity of habitats is a significant 
reason for the abundance of different 
types of critters, as each habitat 
offers a different set of subjects. 

Despite the lure of more exotic 
animals, I indulge myself by 
shooting anemonefish, which are 
everywhere on both the natural 
and artificial reef sites, finding up 
to seven species on some dives. 
Ginamaan is a favorite artificial 
reef site, composed of a regimented 
collection of small bommies 
built from clumps of tires neatly 
arranged on the seabed. On most 
sites, tiny alien-looking skeleton 
shrimp run riot to the point 
of becoming an annoyance by 
cropping up as bycatch in almost 
every shot. Ghost pipefish and 
seahorses are common as well, 
although pygmies are not, and 
mantis shrimp seem particularly 
cocksure and pose pleasingly for 
pictures. The frogfish keep coming. 
By the end of my stay, the guides 
can usually find around 20 frogfish 
on each dive at San Miguel, while 
other sites produce giant, freckled 
and multiple hairy frogfish. 

WIN-WIN
The next day we travel to Apo Island 
for wide-angle shooting. There are 
plentiful macro subjects here, but the 
promise of clear, blue water packed 
with schools of fish and turtles 
makes my lens choice simple. We 
board a much larger banca boat, a 
traditional Philippine wooden vessel 
with long bamboo outriggers and 
plenty of comfortable deck space. 
We’re doing three dives at Apo and 
having a barbecue lunch on board. 
It’s a 45-minute ride from my resort, 
but some resorts are even closer. 
While the mile-long Apo Island has 
resorts and would be a wonderfully 
escapist spot to stay, you might feel 
you were missing out given the ease 
of combining Apo with the coastal 
critter diving that’s available by 
staying on the mainland. 

Genie, today’s guide, explains that 
we will make our first dive on the 
protected side of the island in front 
of the village at Katipunan Reef, 
an area abundant with turtles and 
sea snakes. I am keen to see the reef 
and fish life for myself, because Apo 
Island is famous in coral-conservation 
circles as one of the birthplaces of 
community-organized reef protection. 

This region is in the heart of reef 
diversity, and reef life thrives easily 
here. With the Philippine population 
reaching more than 100 million 
people, however, some reefs are 
fighting to stay healthy. Until the early 
1980s Apo was rife with destructive 
fishing methods such as dynamite, 
cyanide and muro-ari, whereby fishers 
drive fish into a net by beating the reef 
with rocks and ropes. These methods 
not only remove the fish but also 
damage the ecosystem that supports 
them — comparable to harvesting 
Florida oranges by uprooting the trees 
each year. 

In 1982 Angel Alcala of Silliman 
University Marine Laboratory 
in Dumaguete took islanders to 
other reefs to show them how rich 
they could be and convinced the 
community on Apo Island to fully 
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           “There is a wide variety of habitats 

    from full-blown coral reefs to nudibranch-
       loaded rubble reefs and plenty of artificial reefs.”

A large female warty frogfish 
(Antennarius maculatus) raises her 

elaborate lure to attract prey. 

Opposite: A portrait of a nudibranch 
(Nembrotha milleri ) on the seabed
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protect a portion of their reef. It took 
a few years to have an impact, but 
the corals and fish started recovering 
quickly, and populations continued 
to grow steadily. The increase in 
fish populations carried beyond the 
protected section of the reef, and even 
the inherently pessimistic fishers agreed 
they were now catching twice as many 
fish as they were a decade before — 
plus they benefit from a small fee that 
visitors pay to snorkel and dive here. 
Researchers have now documented 
on Apo Island 615 species of fish and 
more than 400 coral species (of 421 
known to exist in the Philippines). 

Back underwater, I turn my 
attention to large green turtles. A 
smaller hawksbill turtle joins them, 
and we meet two self-absorbed silver- 
and black-banded sea snakes. Although 
sea kraits are highly venomous, they 
are not aggressive and usually ignore 
divers. The rich coral gardens are a 
delight. Large, cauliflower-shaped 
leather corals dominate the shallows 
and give way to branching staghorn, 
table, finger, brain and plate corals 
as we descend the slope. Orange and 
purple anthias dance above some, 
while countless silver-olive Philippine 
chromis swarm others. Skulking in the 
shady crevices are groupers, moray eels 
and dopey-looking sweetlips. 

Next we head to the eastern side 
of the island for a drift dive along 
the wall at a site called Cogon. 
Genie explains that this end of the 

island is more exposed to current, 
but it might bring us more big fish. 
The water is cooler and greener 
today because the stronger currents 
are sucking up nutrient-rich water 
from the depths, but the reward is 
an energetic school of bigeye trevally 
smoothly progressing against the 
flow. They are a spectacular sight, 
but the visibility limits photography. 
As is often the case with underwater 
photography, the sea giveth and the 
sea taketh away.

INSPIRATIONAL DAUIN
For the remainder of the trip I 
alternate between three days of 
coastal diving and one day at Apo. 
While the island offers a classic reef, 
the Dauin sites are so addictively 
subject-rich that I can’t kick the 
habit. The sites give up more and 
more, as we quickly tick off the 
regular subjects and have ample time 
to spot new stars. 

For the past few years I have been 
grateful to see a steady rise in ocean 
territory around the world declared 
as national parks or protected areas. 
This effort in designation, however, 
does not always extend in practice. 
Protected areas need to be more 
than just parks on paper; they need 
proper enforcement and buy-in 
from the local community to make 
them the no-take zones that the 
oceans desperately need. The success 
of Apo Island inspired the Dauin 
community to do the same. The 
mix of both reserve areas and fishing 
areas for Apo Island and the Dauin 
coast generates and maintains the 
community support and ensures 
proper protection. Healthy reefs are 
better for the fishers as well as the fish 
and the divers.

Divers want to see the oceans 
better protected, and we can help 
by supporting destinations that 
are making a real difference. With 
fabulously diverse diving and critters 
galore, this peaceful corner of the 
Philippines is a natural choice to 
support with our diving dollars. AD
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GETTING THERE: Many people who visit Dauin from abroad 

couldn’t find it on a map, but that matters little because 

the nearby airport in Dumaguete City is easy to access. 

Several daily flights are available from the main international 

airports in Manila or Cebu. Resorts typically arrange these 

domestic flights for you when you book and collect you from 

the airport. Excess luggage is not expensive. Depending on 

international flight schedules, you may need to spend the 

night in Manila or Cebu to make transfers work.

CONDITIONS: Dauin is tropical and has warm waters year-round. 

October through June is the prime season for calm conditions, 

while the other months carry a risk of monsoon storms but 

usually have low-season rates. I have found that March through 

May are the most productive months for critters. Currents can 

be strong at times, particularly around full and new moons, but 

there are plenty of sheltered sites. If your guide suggests a last-

minute dive site change, agree to it.

TOPSIDE: I consider Dauin as primarily a dive destination, but 

there are also exciting land excursions. Sample friendly local 

culture in the cafes, bars and restaurants of Dumaguete City, 

or head inland to the volcanic hot springs and or the Pulang 

Bato and Casaroro waterfalls. About an hour and a half away 

by car and ferry is the village of Oslob, where it is possible 

to swim with whale sharks. I have always steered clear of 

such unnatural encounters that seem to jar with the Dauin 

ethos, but several friends have enjoyed it there.
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Clockwise from opposite, top left: A pink-eared mantis shrimp (Odontodactylus 
latirostris) sticks out from its hole in the sediment. A wonderpus octopus 

(Wunderpus photogenicus) rears up on its long arms for a better view. A young 
green sea turtle (Chelonia mydas) provides a striking portrait. A large female  
ornate ghost pipefish (Solenostomus paradoxus), top, cups a clutch of eggs 

with her pelvic fins. A dive guide and photographer approach a yawning hairy 
frogfish (Antennarius striatus) disguised on the seabed. A colony of spaghetti 
garden eels (Gorgasia maculata) stretches up out of their burrows on a rubble 

slope, while mysid shrimp swim around them near the seabed. 
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WHILE ARTICLES IN PREVIOUS 
ISSUES of Alert Diver have addressed 
sources of carbon monoxide (CO) (Spring 
2017) and prevention of breathing gas 
contamination (Spring 2014), perhaps 
less apparent to divers are the reasons 
why we have limits and the effects of 
exceeding those limits. This article will 
address the effects of CO poisoning and 
how the limits are derived. Discussions 
about the effects of gas need to consider 
the compressed gas, depth, gas uptake 
and dive profiles as well as the diver’s 
fitness level and general health. 

Numbers are not absolute, need context 
to understand which are important and 
why, and might not apply equally to all 
divers. The effect of CO uptake at depth is 
not linear, nor do we know all the factors 
that may affect it, but we do know some 
things. Depth has a direct impact on partial 
pressure. Dalton’s law tells us that the 

By Francois Burman, Pr.Eng., M.Sc.

Carbon 
Monoxide 
Safety
WHAT IS A SAFE 
CO LEVEL IN OUR 
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There are many factors that affect a diver’s CO uptake at depth, and each diver is 
different. The ultimate outcome is that as the number of CO molecules increases, the 

oxygen that body tissues receive from hemoglobin in our blood decreases.

partial pressure of all the constituents 
of the breathing gas in our cylinders 
will increase as we dive deeper, which 
means that the actual number of 
molecules per breath increases. It is a 
linear effect measured against absolute 
pressure in the same way as Boyle’s law 
addresses volume. A level of 10 parts 
per million (ppm) in a tank at the 
surface, for example, will translate to 
the same effect that 60 ppm has at 165 
feet of seawater (fsw) or 6 atmospheres 
absolute (ATA) (10 ppm x 6 ATA = 
60 ppm), which is referred to as the 
surface equivalent value (SEV).1

Producing nitrox by either gas 
separation (using a permeable 
membrane) or gas generator (using 
pressure swing absorption, or PSA) 

technologies further increases the 
number of CO molecules in the gas. 
Producing 40 percent nitrox using 
either of these techniques, for example, 
will increase the concentration of CO 
by a factor of up to three (meaning 
that we need three volumes of air to 
produce one volume of 40 percent 
nitrox).2 A measurement of 10 ppm 
in the air could thus result in up to 
30 ppm in the cylinder. When we 
consider the SEV at a maximum 
diving depth of 80 fsw (3.4 ATA), the 
SEV would be 30 times 3.4, or 102 
ppm.3 Complexities begin because 
the partial pressure of oxygen also 
increases, regardless of the breathing 
gas used. The deeper we dive, 
the greater the number of oxygen 
molecules. At 165 fsw we will have 
six times more oxygen molecules in 
each breath than at the surface while 
breathing the same gas mix. 

The danger of CO in our breathing 
gas is the affinity of this toxin for our 
hemoglobin, which is the primary 
carrier of oxygen in the blood. CO 
binds at least 200 times more readily 
to hemoglobin and turns part of it 
into carboxyhemoglobin (COHb). 
The effect is that less hemoglobin is 
available to carry oxygen to the tissues. 
With the rise of COHb, tissues rapidly 
become starved of oxygen. The greater 
the number of CO molecules, the 
higher the percentage of hemoglobin 

turns into COHb (%COHb) and the 
greater the harm: We suffocate when 
the oxygen levels in our tissues drop 
too low.

Other complex CO binding 
processes occur, causing further harm 
and long-term deficits in cellular 
respiration and energy production. 
A CO poisoning diagnosis considers 
the related symptoms, recent CO 
exposure and COHb levels. There is 
one mitigating factor: An increased 
partial pressure of oxygen dissolves 
into our blood (plasma), and despite 
the high percentage of COHb and 
decreased load of oxygen carried by 
remaining hemoglobin, this dissolved 
oxygen can keep our tissues supplied. 

As we ascend, the partial pressure 
of oxygen and hence the dissolved 
oxygen will reduce. The amount of 
COHb, however, does not decrease at 
the same rate because it is a chemical 
bond and not a dissolved gas. It 
would typically take four to six hours 
to reduce the COHb level by half. 
Divers who breathe excessive amounts 
of CO may be asymptomatic at depth 
but rapidly develop symptoms when 
they ascend. 

There is some debate and 
uncertainty over the relevance of the 
numbers. We would ideally be able 
to predict these effects so we can 
determine a safe level of CO in our 
cylinders. Time, the amount of CO, 
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the diver’s breathing rate and general 
health condition are all part of the 
equation. While we do not have any 
significant research data on these 
effects in divers underwater, we do 
have the results of many occupational 
health and safety studies. Workers 
exposed to elevated levels of CO 
— which is possible in factories 
with power plants, furnaces, engine 
exhausts, certain chemicals and even 
in submarines — need to be able to 
safely complete their working day.

Table 1 contains some of the 
published data and safety levels found 
in a wide range of studies, regulatory 
documents and workplace standards.4 
The differences in the actual amounts 
vary among sources, but the effects 
are similar.5

These COHb values are based on 
one-hour exposures with a respiratory 

minute volume (RMV) of 20 liters per 
minute (L/min). As exposure times 
lengthen to exceed eight hours, the 
COHb values will eventually plateau. 
The higher the RMV, the higher the 
%COHb for given concentrations of 
CO and time. RMV values measured 
in divers can range from 6 L/min to 
well above 35 L/min. 

Table 2 shows the effect of depth 
on the potential toxicity of CO. 
Once again, the COHb values are 
based on one-hour exposures with an 
RMV of 20 L/min.

While both tables contain many 
numbers, the dramatic effect of 
depth on COHb and the rapid 

negative impact on health is clear.
We need to pay special attention to 

where the %COHb could rise above 
30. The diver may lose consciousness 
at this level, which could cause 
drowning. Most of the accepted or 
required breathing gas limits for CO in 

your charged cylinder are either 5 ppm 
or 10 ppm.7,8 Both levels would be safe 
when considered for a dive time of 

around 60 minutes on air at the  
depths indicated in Table 2. Consider 
air with a CO concentration of 
10 ppm in 40 percent nitrox. The 
resulting SEV of up to 102 ppm at 
80 fsw (3.43 ATA) is in the danger 
zone, with a COHb content of 
approximately 14 percent (interpolated 
from the values in Table 2).

Divers with existing health issues, 
including impaired respiratory 
function, may be at a higher risk. For 
example, a one-pack-a-day smoker 
may live with a basal COHb level of 3 
percent to 6 percent.9 Breathing a CO-
contaminated nitrox mix could take 
COHb levels into the danger zone.

A realistic standard that is safe, 
achievable and practical for most 
divers is 5 ppm. Many inexpensive, 
portable CO analyzers measure 
from zero to 25 ppm, with a 1 ppm 
resolution, making them suitable for 
detecting safe levels of CO in the 
dive environment.

At the surface At 66 fsw At 100 fsw At 130 fsw 
1 ATA (3 ATA) (4 ATA) (5 ATA)

ppm %COHb ppm %COHb ppm %COHb ppm %COHb

≤5 ≤1.0 15 2.5 20 3.2 25 3.5

10 1.8 30 4.7 40 6.1 50 7.4

25 3.5 75 10.4 100 14.0 125 16.5

30-60 5-10 90-180 13-22 120-240 17-27 150-300 19-31

60-150 10-19 180-450 22-41 240-600 27-48 300-750 31-54

150-300 19-31 450-900 41-59 600-1200 48-66 750-1500 54.0-68

300-650 31-50 900-1950 59-70 1200-
2600

66-70++ 1500-
3250

68-70+++

700-
1000

50-65 2100-
3000

Lethal 2800-
4000

Lethal 3500-
5000

Lethal

>1000 >65 Fatal
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Table 2. Surface equivalent levels at depth

A diver’s overall health 
as well as exposure to 
CO outside of diving, 
such as with smoking, 
can change their risk 
level for CO toxicity.  
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ppm %COHb6 Effects on the body

≤5 ≤1 Normal

10 1.8 Normal

25 3.5 Maximum allowed in the workplace

30-60 5-10 Maximum safe level

60-150 10-20 Headache, breathless

150-300 20-30 Add dizziness, nausea, impaired dexterity 

300-650 30-50 Add vomiting, confusion and loss of consciousness

700-1000 50-65 Organ impairment, coma, fatal if not treated

>1000 >65 Fatal 

Table 1. Potential effects of elevated CO at the surface

Note: In smokers, %COHb may vary between 1.5 percent and 14 percent.



Why 5 ppm when 10 ppm might also be safe? A 
maximum background level as high as 5 ppm is realistically 
possible. To achieve 10 ppm means there is likely a 
CO source nearby. While this level is perhaps safe, the 
compressor filling station needs to investigate the likely 
cause and assess the risk of drawing in CO of more than 10 
ppm. Most operators do the required quarterly, biannual 
or annual air quality tests, depending on their legal 
requirements, but that doesn’t provide you much assurance 
about the level in your cylinder on the day you dive.

This article is not a thorough scientific analysis of the 
effects of elevated CO on divers, and DAN is not the 
appropriate organization to state limits. We also have not 
discussed what happens in technical diving, where the 
gas volume at depth contains a greater amount of CO. As 
the world’s leading dive safety organization, however, we 
advise that a maximum CO level of 5 ppm is relatively 
safe. While 10 ppm may be safe for diving, the value 
could feasibly change between filling sessions to levels that 
rapidly approach being dangerous. It makes little difference 
whether you are diving on nitrox or air.10 To ensure safety 
from the effects of CO, the ideal number and the one you 
should expect is zero. AD

ALERTDIVER.COM  |  93

Notes: 1. The measurement parts per million (ppm) in this article is relative to volume. • 2. We assume an efficiency factor of 50 percent, which is typical for 

low-cost membrane separators. • 3. This assumes that the nitrox generator unit does not use a filtration system that includes an element to catalyze out the 

CO in the air. Catalytic converters are 99 percent effective at CO removal. • 4. Sources include the U.S. National Institute for Occupational Safety and Health 

(NIOSH), U.S. Environmental Protection Agency (EPA), U.K. Health and Safety Executive (HSE), New Zealand’s Health and Safety at Work Act (HSWA) and the 

World Health Organization (WHO). • 5. Despite the sources illustrating potential effects of elevated %COHb, a study in 2015 provided an even greater spread of 

the results of CO poisoning. There is thus no definitive correlation between %COHb in the blood and ill effects, as these effects vary between people. For this 

article and based on the regulatory sources cited earlier, this table serves as a guide until modified by future studies. • 6. COHb values are interpolated linearly 

between known values, but the correlation is only linear for the first few hours of exposure. Typical dive times allow for this. The values are rounded off to the 

nearest integer for values over 3.5 at the surface. • 7. EN 12021 (Europe), CZ275.2 (Canada), SANS 10019 (South Africa). • 8. CGA Grade E (USA), AS/NZ 2299.1 

(Australia). •  9. A one-pack-per-day smoker may start the dive with a %COHb of 3 percent to 6 percent. • 10. While nitrox contains more oxygen, some people 

do not realize that producing nitrox using a membrane or molecular sieve separator does not remove the CO or the carbon dioxide. The effect is an increase in 

the amounts of both of these contaminants in the final gas produced — more oxygen but also more CO. 

References: Hampson NB. Myth busting in carbon monoxide poisoning. Am J Emerg Med 2016; 34(2):295-97. doi: 10.1016/j.ajem.2015.10.051. • Rose 

JJ, et al. Carbon monoxide poisoning: pathogenesis, management and future directions of therapy. Am J Respir Crit Care Med 2017; 195(5):596-606. doi: 

10.1164/rccm.201606-1275CI. • Russel MAH. Blood carboxyhemoglobin changes during tobacco smoking. Postgrad Med J 1973; 49(576):684-87. doi: 10.1136/

pgmj.49.576.684. • Turner JA, McNicol MW, Sillett RW. Distribution of carboxyhaemoglobin concentrations in smokers and non-smokers. Thorax 1986; 41(1):25-

27. doi: 10.1136/thx.41.1.25

Carbon monoxide poisoning 
can cause symptoms at 
depth or upon surfacing and 
can result in both immediate 
emergencies and long-term 
negative health effects.
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On a National Geographic project 
in the Bahamas, my buddies swam 
through a highly decorated area to 

a spot where we gathered a sample 
of dust that came from the Sahara 

Desert during a previous dry epoch on 
the planet. Photo by Jill Heinerth
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I REMEMBER A FEATURE ARTICLE in an old Ocean 
Realm magazine about an expedition that Bill Stone led to 
map Wakulla Springs in northern Florida. I don’t recall all 
the details, and at the time I knew very little about cave 
diving culture, so I marveled at the photos documenting 
the creative lengths to which these divers went to explore 
so far and deep into a little-known cave system. I wondered 
who would (and could) do such a thing. A young cave 
diver named Jill Heinerth was the only female among those 
elite cave divers. She would do such a thing and has made 
a career out of going deeper and farther, artfully bringing 
home images to tell the tale.

Excellence in 
the Extreme
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When the water level is high at Ginnie Springs, 
Florida, the tannic-colored Santa Fe River 
overpowers the outflow from the turquoise 
springs. Where the water meets, there is a 

beautiful kaleidoscope of colors mixing in the 
current. The effect is ever-changing, so capturing 

the right moment includes watching the 
backlighting of the sun and swirling colors while 

positioning the model in a sliver of daylight.

jill heinerth
PHOTOS BY JILL HEINERTH; TEXT BY STEPHEN FRINK
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Being a world-class cave diver 
probably wasn’t the dream that  
first resonated with her as a young 
child growing up in Mississauga, 
Ontario. The Apollo mission she 
saw on TV captured her imagination 
and fueled her desire for adventure. 
She shared her aspirations with her 
mother, who cautioned, “There  
are no girl astronauts and no 
Canadian ones either.” Discouraged, 
she took a more traditional path, 
earning a Bachelor of Fine Arts 
degree in visual communications 
design, which led to a career in 
advertising communications.

After starting a small ad agency in 
1988 outside of Toronto, Heinerth 
soon had mainstream clients 
such as Nike on her roster. At the 
beginning of the personal computer 
age, she was able to apply her art 
school experience in typesetting 
and traditional design technologies 
to the new science of computer 
graphics. She was a skilled early 
adopter, and her agency flourished.

As her career evolved she realized 
she wasn’t going to be flying to 
outer space, but inner space was 
an option. Having learned to dive 
while in college, Heinerth became 
an instructor and ran trips to the 
Fathom Five National Marine Park 
at Tobermory, Ontario. She spent 
her days at the drafting table while 
desperately seeking a way to get 
underwater more often.  

This was a time when the kind  
of diving she wanted to do needed 
more tools than recreational diving 
afforded. She recalls, “Nitrox 
was a travesty, and deep and 
technical diving were whispered 

about in garages.” With 
a drive to get out of 
the design studio and 

turn the trajectory of 
her career, she sold 
everything she owned 
in Canada and moved 

to the Cayman Islands.

Stephen Frink: When you 
moved to Grand Cayman, I was 
frequently diving there and doing 
articles for Skin Diver magazine. 
How did our paths never cross?
Jill Heinerth: Maybe because I 
was on the East End, which was 
remote in the early 1990s. I used 
to go on vacation to the Cayman 
Diving Lodge, and during one 
dive holiday they found themselves 
in a bind for staff. They asked if 
I could help for a month. This 
was at a very developmental 
time in my life, so I went for 
it. I did whatever was needed: 
guiding dives, teaching scuba, 
filling tanks. In my spare time I 
tried to improve my underwater 
photography, and because I loved 
to write, I hoped I could place 
some articles in dive magazines.  

I began my cave diving there. 
There is a cave system on Grand 
Cayman that was unknown at the 
time, but I heard stories of ponds 
where cows gathered and that the 
ponds would magically transport 
turtles to the sea. I had never 
trained as a cave diver and quickly 
discovered I needed to know more 
than I knew. But I explored what is 
likely the same cave system that is 
now a tourist attraction on the East 
End called Crystal Caves. 

In the following years, I was 
exploring some of the world’s 
longest and deepest underwater 
caves. By 1997 I was diving at 
Wakulla Springs with the U.S. 
Deep Caving Team, working on 
the world’s first accurate 3D digital 
map of an underwater cave. For that 
project I spent two years living in a 
broken-down trailer behind the dive 
shop that my husband and I owned 
on Florida’s West Coast. I was diving 
with a Cis-Lunar Mark V rebreather 
and working with Dr. Stone on  
how to accurately map a cave 
system up to 300 feet deep in any 
visibility we encountered. We had 

dive missions with bottom times 
(including decompression) of 22 to 
24 hours.

How did you get from pure 
push-the-limits exploration to 
bringing home the story in stills 
and video?
I attribute that to my friend Wes 
Skiles. In the mid- to late-1990s 
Wes and I were on opposite teams 
exploring Sistema Dos Ojos and 
Nohoch Nah Chich in Mexico. In 
those days he was losing his desire 
to do the deeper dives after being 
bent too many times. When we 
found ourselves together at Wakulla 
Springs in 1997-98, he asked if I 
would run the deep camera for a 
National Geographic TV special. I 
jumped at the opportunity.

That event was pivotal in my 
career. Up to that point, outsiders 
saw cave diving as an adrenaline 
sport and viewed cave divers as 
foolish risk-takers who tried to go 
the deepest or the longest. It was 
more than that for me. At Wakulla 
we were doing ground-breaking 
survey work, modeling the caves 
and showing the world precisely 
where the drinking water conduits 
were beneath our feet, and we were 
connecting everything with GPS. 
I could teach people about the 
science of the aquifer. 

Swimming through the North 
Florida cave systems was like 
swimming through the veins 
of Mother Earth, in the very 
sustenance of the planet. We could 
detect the presence of nitrates from 
fertilizers and septic tanks. We 
could see places such as Crystal 
River change from saltwater 
intrusion to the point where we 
saw marine life growing on the 
pilings of what was once a pristine 
freshwater flow. We could watch 
the flow of some caves drop to the 
point where the tunnels eventually 
collapsed and filled in.
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Above: Diving in Canada’s Terranova National Park, 
we spotted what appeared to be a large shoal in the 
distance. As we eased closer to the pale white area, 
we realized that it was moving. To my delight, it was 
a massive bloom of moon jellyfish. We rolled off the 
boat and were in the middle of millions of jellies. 
Near the surface, I lined one up so that the sun lit 
it from behind. So often, shooting in ambient light 
is about looking at the sun angles and finding the 
definition of edge or backlighting that tells the story.

Bottom left: While waiting for 
bad weather to pass in the 
Arctic, I was putting together 
my camera housing for a 
documentary shoot. It seemed 
like an excellent chance to 
capture a selfie. I set the 
camera up on a pile of gear 
and used the timer feature to 
grab this self-portrait. 

Bottom right: This shipwreck in Tobermory, Canada, 
was the site of one of my first dives more than 30 
years ago. It sits upright in the muddy bottom of Big 
Tub Harbor in shallow water. The light beams dapple 
across the wreck when shot from the right angle. I 
find it rewarding to be in the right place at the right 
time of day to capture the best ambient light. If I use 
a bit of additional camera lighting, it is important to 
me that it is not obvious. I prefer photos to feel like 
the memory I have of the site.

http://alertdiver.com/


Doing what you’ve done for as 
long as you have, you must have 
had some close calls. What scared 
you to the point where you felt 
fortunate to have survived?  
The single most frightening event 
happened in 2001. We had pitched 
a film to National Geographic 
about cave diving through 
conduits inside the B-15 iceberg 
in Antarctica. Iceberg caves were 
hypothetical, and diving them 
would be a first. With Nat Geo’s 
support, we would shoot a film we 
called Ice Island.

I knew we needed to use 
rebreathers, if only for the 
extension of bottom time and 
protection from the cold. The 
risk of free flows and the finite gas 
capacity of open-circuit diving 
were too risky in my mind. The 
choice to use rebreathers may have 
saved our lives. 

On our very last dive we found 
ourselves in unbelievable currents 
in a cave within the iceberg, 
clawing our way hand over hand. 
I remember Wes yelling through 
the rebreather mouthpiece to ask 
for help lugging the heavy high-
definition camera. I was thinking, 
“Screw the camera. We might 
die!” A one-hour dive turned 
into three hours with the current 
working against us. Even when we 
got to the exit of the cave, vertical 
currents were pressing us down. To 
frantically climb an underwater ice 
wall, we evicted tiny ice fish from 
their burrows, using their homes as 
little fingerholds that would help us 
claw our way back to the surface. 

We obviously made it, but as 
we prepared for another dive a 
few hours later, the entire iceberg 
exploded and turned to slush, 
throwing up a massive wave 

that rocked the boat and our 
confidence. The melting ice might 
be a climate change story, but the 
sidebar is that this was the nearest 
I ever came to not getting home 
from an assignment.

It seems your career has evolved 
into a hybrid of shooting, writing 
and public speaking. What is 
your primary motivation?
Whatever I need to do to stay in the 
water is what I will do. I’m endlessly 
curious. I’ll ask scientists what they 
need for their underwater research, 
and I’ll try to be their eyes and hands 
to tell the visual story. It seems all 
my work these days connects to 
water quality and climate change. 
In my book Into the Planet: My Life 
as a Cave Diver, I share scientific 
projects that relate to both areas. 
In my recent film Under Thin Ice, I 
film charismatic megafauna such as 
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narwhals, walruses and polar bears to 
tell the story of climate change. I’m 
an educator at heart, and I seek to 
create visual connectivity with  
the most pressing global challenges 
we face.

How do you manage to excel at 
both still photography and video?
If I had to choose, I’d be a still 
photographer, but gratefully I don’t 
have to pick one over the other. I 
like the challenge of being adept 
at both disciplines. For stills I like 
to use a Canon 5D Mark IV in an 
Aquatica housing, and for video 
projects where I must stay nimble 
I use an Aquatica housing with 
a Panasonic Lumix GH5. Each 
camera is small enough that I can 
carry both, even with dedicated 
strobe lights for the Canon and 
video lights for the Panasonic. 
It depends on the project — 

sometimes I shoot a RED or 
an Arri video camera in Gates 
housings. If it has a shutter, I’m 
OK with it. I’m agnostic when it 
comes to photography equipment. 
A camera is a tool that leads to a 
result. I want the best tool I can 
use, of course, but the kind of 
exploration we are doing will help 
determine the optimal choice.

In the end, I want to tell a 
good story. I need the technical 
dive skills to do it safely, and I 
want to be visually creative to 
communicate differently or better. 
I don’t necessarily know what that 
story will be when I go out into the 
field, but that’s part of what drives 
me — along with doing whatever 
I need to do to stay in the water. 
That motive hasn’t changed much 
since I decided that I needed to be 
somewhere other than running an 
ad agency in Ontario. 
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Jug Hole is a 
favorite dive site 
of mine in North 
Florida. This long 
restriction near 
the entrance is 
very photogenic. 
To get the shot, I 
swim through the 
restriction first to 
set up strobes or 
lights. I worm my 
way through a low 
bedding plane of 
rock to choose my 
position, finding a 
place tall enough 
for the camera 
housing. It is 
nearly impossible 
to look into the 
viewfinder due  
to the low ceiling. 
I have been  
there enough to 
know the angle  
to get the shot  
of my model 
inching along.
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Right: Brian Kakuk and Kenny Broad were bringing up a Lucayan skull from 240 feet 
deep in a cave in Andros Island, Bahamas. As Brian lifted the skull, I stretched the 
housing into the right spot, aimed the strobes and shot a couple of frames before the 
muddy silt engulfed us. 

Below: I love the robust architecture of the bulky columns in Dan’s Cave in Abaco 
Island, Bahamas. My goal when lighting caves is to use light that appears justifiable to 
reveal the color of the water in a way that makes the scene feel mysterious and lit from 
the divers.

Opposite, clockwise from top: While we were working in Lancaster Sound, Nunavut, 
a young polar bear tracked us for two days. On the third day, he lost interest, and 
we watched him hunt and kill two seals. He was smart enough to bury one seal in a 
mountain of snow to protect it from scavengers while he took a much-needed nap. • A 
German U-boat sank the SS Saganaga in 1942. The deck gun that used to spit salvos of 
ammunition is now silently sprouting anemones instead. My diving partner on the right 
offers a sense of scale. • On Nov. 2, 1942, a U-boat struck the Free French vessel PLM 
27 with a torpedo that ripped it in half and immediately sank it. I shot this photo of 
Renee Power after she swam through the torpedo hole. • This lumpfish lined up in the 
right spot just as Trisha Stovel eased into the perfect location behind the fish. As a fellow 
photographer, she knew precisely the shot I was trying to capture: foreground, middle 
and background all connected through her intent look. • My colleague Corey Jaskolski, 
a National Geographic Innovation Fellow, swims in with a sunburst of GoPro cameras to 
shoot a fully interactive 3D model of the cave. I wanted to carefully balance the exposure 
so that the foreground light did not erase the sunbeams. This cave is very reflective, and 
it is easy to overlight the foreground and lose the ambiance of the background. AD
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Text and photos by Lia Barrett

China’s national-record-holding 
freediver Jessea Lu swims with a 

whale shark off Kona, Hawaii.

Opposite: World-record-holding 
freediver Alexey Molchanov 

explores Angelita Cenote. 

PHOTOGRAPHING 
FREEDIVERS 
UNDERWATER is like 
wildlife photography with a 
delightful twist. In essence 
you are working with a very 
graceful, compliant animal with 
whom you have the luxury of 
collaborating and directing. 

Photographing humans 
underwater is unique because 
you are not capturing them 
in their natural habitat, which 
presents an enormous set 
of challenges, the biggest of 
which are the responsibilities 
and risks involved in 
breath-hold diving. When 
photographing a person in 
a conventional studio, you 
are not looking for signs 
of oxygen deprivation. 
Underwater, this added 
factor makes planning, 
communication and safety 
precautions crucial before you 
even capture one frame.

There are risks with any 
underwater activity, but 
capturing images of people in 
the sea is a phenomenal way to 
connect your audience with the 
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ocean. I approach my images as 
if I am forging a visual bridge 
between someone who will 
probably never dive or perhaps 
even see the ocean and the 
underwater world. It is too 
easy to disregard that which 
you cannot see or fathom, 
so making a connection is 
an important component for 
fostering a desire to preserve 
and protect our waters. 

Using freedivers instead 
of scuba divers is especially 
effective. The impression of 
an individual underwater 
without a scuba tank triggers 
a visceral reaction in our 
brains: “Something isn’t right 
here. How do they do that?” or 
“That must be Photoshopped” 
are common reactions to an 
image of a freediver, especially 
one wearing everyday clothing. 
The incongruence with our 
instincts is poignant, and it 
is one reason freedivers make 
evocative subjects. Regardless of 
the freediver’s skill, the planning 
involved requires a great deal 
of care, communication and 
foresight to have a fruitful and 
safe shoot.

F R E E D I V E R S

http://alertdiver.com/


106  |  FIRST QUARTER 2020

PRESHOOT PLANNING
In preparation for a shoot, it is 
vital to assess the location while 
considering the skill of the freediver. 
Is there a current or the possibility 
of a current? At what depth are you 
shooting? Are animals present? If I 
am shooting in a cenote at 90 feet, 
I might not have any issues with 
current or wildlife, but I have to 
decide whether the freediver is going 
to breath-hold during the entire 
shoot or come down on scuba gear 
assisted by other trained divers and 
given air throughout the shoot. Few 
folks in the world can repeatedly 
freedive to 90 feet and hang out for 
two to three minutes of shooting 
time, surfacing only for recovery and 
breathe-up time between dives. 

If you are unfamiliar with the 
skill of your subject or are at all 
concerned, then choosing a shallow 
and calm location or planning for 
assisted air might be prudent. Also 
consider the bottom time for the 
photographer and scuba team and 
the spare air needed for everyone, 
including freedivers. Creating a full 
assessment of the environment and 
the skill of the team is crucial. 

Other matters to consider before 
your shoot are props, wardrobe and 
gear. Are the freedivers using fins? 
A mask? Will they be in a wetsuit 
or clothes? Divers wearing regular 
clothes will likely get cold more 
quickly than if wearing a wetsuit, 
which leads to shorter dive times 
and more energy expelled. If a 
prop is involved, who will manage 
it, and where will it be when the 
divers descend? Will the freediver 
be wearing weights? Can weights 
be visible? If not, where can you 
hide them? Planning these details is 
important and can prevent the need 
to troubleshoot during a dive.

Scuba divers generally do 
not have to physically prepare 
themselves the way freedivers do.  
A good night’s sleep is important. 

A heavy night of boozing will kick 
a freediver in the tush the following 
day, so preparedness extends beyond 
just the dive. 

After you have considered and 
planned all the pieces of the shoot, 
have a full team briefing. In the 
mayhem of preparation, remember 
to convey what you are trying 
to achieve with the shoot. Is the 
freediver to express an emotion, 
make a gesture, or show scale? Is 
there a story involved or a statement 
that you are trying to convey? 
Making sure your entire team is 
on board with both the conceptual 
program and the logistical details 
will make for a smoother experience.

UNDERWATER COMMUNICATION
Underwater communication is 
challenging. When you are in 
shallow water you can pop to the 
surface and chat if you need to. 
But if you are hanging out at the 
bottom of the ocean with a dozen 
sharks swirling around you, then 
perhaps you don’t want to waste 
your time ascending and descending 
to communicate instructions. 

When I first started working 
with underwater models, most of 
them would politely tell me that 
my hand signals weren’t clear. In my 
mind I was making total sense, but 
my thoughts were not translating 
into actionable communication. I 
wasted precious shooting time and 
frustrated my subjects and myself. 
Now I discuss a few key signals with 

both the freediver and my safety team 
before every shoot, remembering that 
not every freediver is a scuba diver, 
so they are not always familiar with 
signals that seem innate to seasoned 
bubble blowers. 

The key signals are up, down, 
side to side, stop, stay, swim, stand 
and look in a certain direction, 
end the dive, problem, and repeat. 
Beyond a simple signal, I often end 
up doing the position that I want 
them to imitate. If they are breath-
hold diving, I use their initial dive to 
show them where I want them to be 
and in what pose. It often feels like 
charades, so it’s helpful to work with 
your model over several shoots to get 
to know one another’s style.

BE READY FOR THE SHOT
If your freediver is doing the entire 
shoot on breath-hold, you have a 
lot of time to think. Between each 
dive, freedivers must recover and 
breathe up to restore the oxygen in 
their bodies for their next dive. This 
process can take several minutes, 
depending on the length of their 
previous dive, so it is a great time to 
transition to new shooting locations, 
look for alternative light angles and 
make sure your safety team is with 
you (and behind you for when the 
freediver descends). I also take a 
moment to check my previous shots 
to make sure they are not under- 
or overexposed. Dials sometimes 
get moved while shooting, and 
photographers do not have any spare 
time to scrutinize each frame while 
in the throes of snapping a freediver, 
so between dives is a great time to 
review camera settings.

When freedivers are breathing 
up, they lie flat on their backs, 
or on their stomachs while using 
snorkels, and relax their bodies as 
much as possible to preserve energy. 
When they flip over or remove their 
snorkel, they are ready to descend. 
At that point my finger is on the 

IMAGING
PHOTO TECHNIQUES
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shutter release, the composition is 
in my viewfinder, and I am ready to 
go. When the freediver arrives at the 
appointed spot, I fire off as many 
shots as I can, bracketing a bit for 
light adjustments. The adrenaline 
is flowing, and you quickly use air 
as you maneuver to different angles 
to capture a variety of images. It is 
important to check your air when 
the freediver begins to ascend. Don’t 
skip your recovery and safety checks. 

LIMITED MOBILITY
If freedivers glide through the water 
like a hot knife through butter, then 
a scuba diver moves more like a knife 
through a jar of stiff, crunchy peanut 
butter. We are neither graceful nor 
particularly speedy. If we were able to 
glide around as fluidly as a freediver, 
covering more ground underwater, 
the shoot would be more efficient. 

While breath-hold diving has 
its advantages, there are some cons 
to both the photographer and the 
subject using breath-hold. You expel 
more energy and use more oxygen, 
and you don’t have the time in 
between breaths to reassess your 
environment for new angles for 
shooting, patches of coral to swim 
near and interesting compositions 
to capture. Unless you are shooting 
the same location over and over 
and know it well, scuba diving gives 
you an advantage in composition 
arrangement by giving you more 
time to evaluate it without having to 
worry about building and rebuilding 
the oxygen in your body.

FREEDIVER SAFETY
The main priority in any shoot 
involving a freediver is the diver’s 

well-being. 
No shoot 
is worth 
death or 

injury, and avoiding accidents should 
be the goal of every decision made 
by the principal, which is usually the 
photographer. Because the aim is to 
keep the freediver safe, your preshoot 
plans must include precautionary 
measures. The buddy system is 
particularly important: One of the rules 
of freediving is to never dive alone. 

Freedivers often operate using a 
“one-up, one-down” formula: One 
person is on the surface breathing 
up and keeping an eye on their dive 
buddy, who is executing a dive. When 
I photograph multiple freedivers, I 
can constantly shoot as they take turns 
underwater. If I am concentrating on 
just one person, I make sure that my 
dive safety team is focusing on the 
freediver, and a freediving buddy is 
stationed at the surface ready to help 
in the event of an emergency.

Everyone on the team should 
know how to rescue a freediver who 
experiences a shallow-water blackout, 
which causes a loss of consciousness 
when the brain does not get enough 
oxygen. Most blackouts happen on 
or near the surface, so it’s helpful to 
have someone on the surface who 
knows the correct rescue techniques. 
A freediving course will teach these 

rescue methods. If a blackout occurs, 
I cancel the shoot for the rest of the 
day so the freediver can recover. It’s 
important to have assistants skilled 
in rescue operations, readily available 
oxygen on site and phone numbers 
for the local authorities on hand in 
case an incident occurs. 

 Photographers also need to 
consider environmental issues. If 
the water is cold, divers will expend 
more energy, which will make their 
dives shorter and more difficult. If 
there is a current, the freediver will 
use more oxygen to stay in one place 
or to return to the surface. While 
breathing up at the surface, they 
might need to hold a buoy and line, 
even if there is no current.

Another issue is boat traffic. 
Freedivers are frequently going up 
and down; surfacing in an area with 
heavy traffic can be dangerous, so it’s 
important to keep a marked buoy in 
place to indicate that divers are below 
the water. Many places require a 
buoy, and a lot of freedivers insist on 
using one for safety and breathing up.

Freedivers often are not scuba divers 
and tend to have a different approach 
to wildlife. Many are touchy-feely with 
objects underwater, so it’s important 
to brief freedivers about what you 
are trying to achieve and how to 
appropriately interact with wildlife. 
Discuss what to do if a curious shark 
approaches — some sharks might 
get a little too close for comfort to 
someone who is continuously going 
to the surface for air. 

Preparedness and a comprehensive 
team briefing will produce a more 
successful shoot. After the shoot 
is over and you share your images, 
perhaps your work will promulgate 
an admiration for our fellow 
superhumans and how they meld 
with the underwater world on a 
single breath. AD

Left: Freediver, stunt woman and shark wrangler Liz Parkinson 
poses on the Big Crab wreck in the Bahamas.

Below: Tunisia’s national-record-holding freediver Walid 
Boudhiaf and dive instructor Dewi Cri De Ridder participate in 
a fun shoot after the Caribbean Cup competition in Roatán. 

Opposite: World-record-holding freediver William Trubridge 
and freediver, filmmaker and actress Sachiko Fu get playful 
near Roatán’s Blue Channel.

http://alertdiver.com/
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Much of the excitement around blackwater 
photography has focused on the stunning images, 
while the ripe opportunity for discovery has largely 
gone unrealized. On top is one of the first published 
photos of a live swimming cookiecutter shark. 
On bottom is the first evidence of the goosefish 
(Lophiodes fimbriatus) from Hawaiian waters.

MEMBER TO MEMBER
Text and photos by Jeff Milisen

Answering Questions 
in the Open Ocean
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“What is that thing?”

I WAS ON VACATION IN 
KONA, HAWAII, when I did my 
first blackwater dive and saw a 
cookiecutter shark. I was completely 
unprepared for the encounter. Even 
though the photos were out of focus 
and taken at a distance, they were 
my most highly sought-after images 
at the time. 

I wanted one more chance to do 
better and became obsessed with 
finding another cookiecutter shark. 
Looking for ways to do blackwater 
dives from my home island of Oahu, 
I found weather windows and made 
friends with people who had boats. 
A sea anchor allowed us to go out 
weekly, and every week we found a 
completely different assortment of 
squids, jellies and fishes. 

It didn’t take long before my 
fascination with cookiecutter sharks 
expanded to include the other 
unusual creatures that greeted us 
every Saturday. I started to keep 
track of the times we would see 
pelagic seahorses, box jellyfish, 
exotic larval fishes and pyrosomes. 
I eventually moved to Kona, where 
I picked up a part-time gig guiding 
blackwater dives.

I still had a lot of unanswered 
questions lingering from my time on 
Oahu. The unknowns that plague 
blackwater divers are often simple, 
such as “When is the best time and/
or place to go?” I developed a more 
robust and comprehensive study 
from the notes I took on Oahu, so 
I could compare my observations 
against environmental variables 
such as moon phase, seasonality, 
bathymetric depth and water 
temperature. I also looked at more 
esoteric factors such as the El Niño–
Southern Oscillation (ENSO), the 
North Pacific Gyre Oscillation and 
the development of cold-core eddies. 

Through an analysis called a 
generalized additive model, I was 
able to see how these multiple 
variables influenced the biodiversity 

in my data. The most common 
creatures we encountered were all 
soft-bodied animals such as salps, 
siphonophores and ctenophores. 
Moreover, I found that bathymetric 
depth, water temperature and the 
ENSO index were some of the best 
predictors for oceanic diversity. 

ENSO is a periodic set of ocean 
conditions resulting in what we 
know as the El Niño and La Niña 
events. It is difficult to predict, 
but it contributes to productivity. 
The peak depth range of the ocean 
bottom was around 5,000 feet 
(1,500 meters), a zone where the 
island’s slope starts to plateau. The 
best water temperature was around 
78°F and correlated with late 
spring and autumn temperatures, 
which is also when we tend to see 
more larval fishes. It seems that 
the fishes know exactly when to 
spawn so their young can develop 
in food-rich water. Using only water 
temperature, depth and ENSO, we 
were able to explain 43 percent of 
the variability in diversity over the 
study period, which is a good start. 

“What is that thing?” is another 
basic question that is common to 
blackwater veterans and novices 
alike. There aren’t yet any field 
guides to blackwater diving, so 
we put together identifications 
piecemeal from all kinds of sources. 
The more sources we have, the more 
accurate the identifications tend 
to be. The reality is that the ocean 
will constantly offer surprises, and 
we will occasionally have to revise 
identifications. While guiding a dive 
one night, I looked down and saw a 
small species of shark approaching 
one of my divers. I assumed it was 
a cookiecutter shark going in for 
a scoop, so I swam down to lend 
assistance. The animal didn’t look 
right for a cookiecutter though. It 
was darker, bluish and lacked the 
collar that cookiecutters sport, so I 
snapped a photo and sent it to an 

expert, who told me that it was a 
pygmy shark. 

Cookiecutter sharks and pygmy 
sharks are unusual to see because 
of where they live, but they are 
common from the perspective of 
total oceanic diversity. Occasionally, 
however, a rare animal drifts past 
our lights and blows our minds. 
When diving one night with my 
fiancée, Sarah, she pointed out what 
looked like a fried egg jellyfish. As 
we looked closer, we could see into 
the hairy mass enough to make out 
an eye and then a fin. It took some 
squinting before we realized that we 
were looking at a fish. I took some 
photos, which bounced around 
email servers at the National Oceanic 
and Atmospheric Administration 
(NOAA) and the Smithsonian 
Institution until they landed in 
the inbox of anglerfish expert Ted 
Pietsch, who identified it as a hairy 
goosefish (Lophiodes fimbriatus). 
These small anglerfishes have been 
seen only a handful of times, and 
this was the first time anyone saw 
one as far east as Hawaii. 

Recently while doing a safety stop, 
I was about to leave the water when 
Sarah flashed her light across my 
mask and made the sign for “shark.” 
I immediately recognized the small, 
unusual fish swimming past us and 
easily caught up with it. This time 
I was prepared and spent a few 
minutes swimming alongside the 
shark, enjoying the encounter. It was 
a little more than a foot long and 
had tan coloring and a dark collar 
at its gills. Finally, 10 years after I 
originally missed what I thought was 
a once-in-a-lifetime opportunity, I 
was able to take 14 crisp photos of a 
live-swimming cookiecutter shark. 

The 10 years of searching enriched 
my life in ways I could have never 
predicted. By asking some basic 
questions, I made my time in the black 
far more important than just some 
simple photos of an unusual shark. AD

http://alertdiver.com/
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Whether you are 
renting or buying 
new gear, take  
time to become 
familiar with it 
before diving in 
open water. 

GEAR
By Jim Gunderson O
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WHETHER YOU ARE A NEW 
DIVER buying your first set of gear 
or an experienced diver purchasing 
an updated piece of equipment, it is 
important to learn about that new 
gear. The same is true if you are 
renting gear on a trip. It is best practice 
to become familiar with the gear before 
diving with it in open water.  

The new gear orientation begins 
before you make the purchase. Ask 
yourself the following questions to 
help with making the proper gear 
selection: Will this gear fit my dive 
objectives? Does it have the features 
I want? Is it appropriate for my dive 
conditions? Am I trained (or getting 
trained) to use this equipment? And, 
most important, does it fit properly?  

Speak with your instructor, the 
dive store staff and other divers you 
trust to help answer those questions. 
Remember that what works for your 
friend or the store employee may not 
necessarily be the right equipment for 
you. One brand and style of buoyancy 
compensator may fit and work for 
your buddy but not fit well on you. 
Try on equipment, and try different 
styles to find what works best for you.   

Some stores have demo models of 
various equipment that you can try 
in their pool or even in open water. 
That is the best way to determine if 
a particular piece of gear will work 
for you.  

After purchasing or renting 
your equipment, it is important to 
become familiar with it. Try the gear 
in confined water (a pool) before 
doing more arduous dives in open 
water. If a confined-water location 
is not available, do a dive (or several 
dives if needed) in shallow water 
at an easy site with which you are 
familiar. Thoroughly learn your gear 
before you do deeper, longer or more 
challenging dives. 

Use your new gear to practice 
emergency skills such as regulator 
recovery, air sharing, shared-air 
ascents, equipment removal and 

replacement, weight-system removal 
and replacement, and emergency 
swimming ascent. Practice together 
so your buddy can become familiar 
with your new equipment as well. It 
may take extra time to learn some 
gear or configurations, so take what 
time you need. 

Gear-Specific Tips
REGULATOR
Make sure the mouthpiece is 
comfortable. Almost any mouthpiece 
is comfortable for a few seconds, so 
ask if the store will let you put the 
mouthpiece (while attached to the 
second stage) in your mouth and 
leave it there for several minutes. If 
it’s still comfortable, it’s probably a 
good fit. Mouthpieces are generally 
inexpensive, however, and easily 
swapped if the stock mouthpiece 
isn’t comfortable for you.   

The choice of a piston or 
diaphragm regulator is personal 
preference; either type is satisfactory 
(alertdiver.com/piston-or-diaphragm). 
One factor divers often overlook 
is the water temperature. Is the 
regulator rated for the water 
temperatures where you will be 
diving? Cold water is more of a 
concern than warm water. Be sure 
your regulator can handle colder 
temperatures if you will be diving in 
those conditions.

If you purchase an older regulator, 
ensure you will be able to have your 
regulator serviced by a qualified 
technician per the manufacturer’s 
recommendations and that necessary 
parts will be available.  

BUOYANCY COMPENSATOR (BC)
There is an age-old argument about 
which BC configuration is best: 
jacket, back inflate or backplate and 
wing. Jacket style, which is the most 
common type of BC, functions 
differently from a back-inflate model. 
Consider the features of the BC. How 
many exhaust valves does it have? 

Where are they located? Are they easily 
accessible? How many D-rings and 
pockets does it have? Is the weight 
integrated, and if so, what is the release 
mechanism? Most important, does it 
fit well? When trying it on, see how 
the BC feels while wearing it with a 
cylinder attached — the fit will be 
different when weighted.  

FINS 
Divers have many choices when 
selecting fins: full foot, open heel, full 
blade, vented blade, split fins, short 
fins, freediving fins, fins with hinge 
points, fins without hinge points, soft 
fins, stiff fins, regular straps, spring 
straps and even bungee cords. Some 
people use a short-stroke flutter kick, 
while others may have a wide stroke 
when they flutter kick. Some prefer to 
whip (frog) kick, which is essential for 
certain types of diving, such as cave 
and wreck penetration. Other divers 
switch how they kick depending on 
the conditions and their fatigue level. 
Regardless of what fin technique you 
use, you need the correct fin for your 
kicking style. The only way to figure 
out what fin is best for you is to get 
in the water and try on as many fins 
as you can until you find the fin that 
best matches your kicking style and 
dive needs.   

EXPOSURE PROTECTION
Whether you are diving in a dive 
skin, a wetsuit, a semi-dry suit or a 
drysuit, the most important factor is 
fit followed by the correct insulation 
for your dive conditions. Be sure to 
try on the suit before purchase or be 
fitted by qualified store personnel. 
The proper fit could save your life, 
especially when diving in a drysuit. 

Only you know what dive gear will 
have the proper fit, style and function 
for your needs. Before you dive in open 
water — especially at difficult sites, 
conditions and depths — take the time 
to orient yourself to your new gear. AD

http://alertdiver.com/
http://alertdiver.com/piston-or-diaphragm
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WATER PLANET
Text and photos by Shawn Heinrichs

Makos Matter
THESE VULNERABLE SHARKS GET CITES APPENDIX II PROTECTION.

A curious juvenile shortfin mako 
shark glides in for a closer look 

near Auckland, New Zealand.
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WE ARRIVED IN THE PORT 
CITY OF KESENNUMA, JAPAN, 
under cover of darkness in the 
early morning hours. This famous 
fishing port had historically boasted 
massive catches of tuna but also 
had significant landings of sharks 
as bycatch. In recent years, with 
tuna stocks plummeting, fishers 
reported that they had turned to 
sharks as the primary target for 
their longlines. Just before the sun 
crested the horizon, we slipped 
quietly into the huge processing 
facility and began documenting the 
landings. What followed was one of 
the most shocking and grisly scenes 
we had witnessed in all our years of 
shark investigations.  

We estimated about a dozen 
commercial tuna-fishing vessels were in 
port that day with sharks aboard. The 
ships were tied up at the port and used 
onboard cranes to hoist their shark 
catches from the holds. Conveyor 
belts and forklifts with large bucket 
scoops transported the sharks to the 
auction floor. The ships took hours 
to unload, their holds pouring forth 
a seemingly endless train of bloodied 
shark carcasses. Our estimates, later 
confirmed by a port foreman, put 
the number landed that day at 6,500 
sharks — a staggering figure.

We documented three main species 
of sharks landed: blue, salmon and 
mako. We observed far fewer makos 
(less than 200) than other shark 
species, and except for a few mature 
adults, most of the makos we saw 
were juveniles. Fishers reported that 
they had previously caught many 
more and much larger makos, but 
the number and size had declined 
precipitously in recent years. That 
investigation was in 2010, and the 
fisheries’ pressure on makos has only 
intensified since then.

My further shark investigations 
have taken me to ports and markets 
across the globe, and at each stop 
I witnessed a similar tragic story 
unfolding for these vulnerable 
sharks: precipitous population 

declines, the disappearance of mature 
and breeding adults and intensified 
efforts to catch the last remaining 
ones. In the dried seafood markets of 
Hong Kong, shark fin traders even 
boasted that the value and demand 
for mako fins had significantly 
increased in recent years as their fins 
had become scarcer. 

Across the oceans, mako shark 
populations are in deep trouble. 
They primarily hunt pelagic fish 
species such as tuna and marlin, 
which are heavily targeted by massive 
international industrial fishing fleets. 
As such, they are frequently caught as 
bycatch by these fleets; with decades 
of exploitation, these fisheries have 
driven mako populations to the 
brink. Although the majority of the 
makos caught on longline gear are 
still alive when brought on board 
the vessels, demand for their prized 
fins and meat continues to drive 
commercial fishers to choose to kill 
and retain them. 

I have always been fascinated by 
sharks. As a diver and underwater 
photographer for almost three 
decades, I have been blessed to 
swim with and photograph some 
of the ocean’s most iconic shark 
species. In shark hotspots such as 
the Bahamas, Guadalupe and Fiji, 
I have spent countless hours in the 
open water with some of the most 
feared shark species, including tiger 
sharks, bull sharks, oceanic whitetips, 
great hammerheads and even great 
whites. One shark species, however, 
had always eluded me: that most 
formidable and fearsome predator, the 
mako. There was something about 
the fastest shark in all the oceans — 
with its impressive rack of razor-sharp 
teeth protruding from its powerful 
jaw, an awesome predator that could 
chase down a mighty marlin and tear 
it to shreds in just moments — that 
triggered an unresolved primal fear 
buried deep inside me. 

When the Convention on 
International Trade in Endangered 
Species of Wild Fauna and Flora 

(CITES) proposed to add both 
shortfin and longfin mako sharks 
to its list of protected species, I 
sprung at the opportunity to help 
secure their protection. As many as 
1 million makos are caught for their 
fins and meat each year in largely 
unmanaged fisheries. A female mako 
takes 18 years or more to mature 
and has only four to 16 pups every 
18 months, making them incredibly 
vulnerable to overexploitation. 

CITES, a United Nations body of 
183 parties, is the only international 
treaty with binding provisions upon 
member parties to protect threatened 
and endangered species from 
unsustainable trade in their body 
parts. International trade in sharks 
and rays has led to huge population 
declines around the globe. A 
CITES Appendix II listing would 
afford makos the management and 
protection that they desperately 
needed to survive and recover. 

Through my imagery and 
storytelling, I could give makos 
a voice and help reshape 
misperceptions about these 
vulnerable and heavily exploited 
animals. This was also my 
opportunity to finally come face-to-
face with a shark that had evaded 
me, interacting on its turf and terms 
and revealing the true nature of this 
magnificent species.

My journey took me to Auckland, 
New Zealand, where I freedived with 
shark scientist and conservationist 
Riley Elliott. At first the sharks 
came in hard and fast, all teeth 
and pure adrenaline, giving the 
impression that we would have to 
be crazy to enter the water. I still 
get goosebumps when I recall that 
moment: standing on the swim step, 
camera in hand, ready to capture a 
split shot while Riley filmed with 
his pole cam. A mako turned and 
charged directly at me, launching 
out of the water to land her head 
on the swim step, her razor-sharp 
teeth within inches of my toes. I 
understood why these sharks had 

http://alertdiver.com/


earned such a fearsome reputation. 
Exercising patience and drawing 
on Riley’s deep experience, we 
persevered and allowed the curious 
animal to become more comfortable 
with our presence. Eventually, 
when Riley signaled it was time, we 
dropped into the water, and I came 
face-to-face with my first live mako. 

This magnificent predator 
emerged out of the blue and was 
bathed in brilliant light. Deliberate 
in her movements and resolute in 
her focus, she swam straight at me. 
As she steadily closed the distance, 
I was captivated by her striking 
features: powerful, protruding jaws 
with rows of formidable teeth; 
purple and iridescent-blue skin 
covering a robust, muscular body; 
tall and rigid dorsal fin; and a 
powerful tail designed to propel her 
through the water at astonishing 
speeds. Here I was, a vulnerable 
human, floating helplessly in the 
path of this awesome creature. With 
less than 3 feet between us, she 

suddenly slowed and glided up to 
me, our eyes locking momentarily as 
her nose gently brushed across my 
camera dome. My fear immediately 
metamorphosed into deep 
appreciation and utmost respect  
for this impressive predator.

This shark could tear me to 
shreds in moments, but that was 
not her intention. She was not a 
mindless man-eater, but intelligent, 
highly evolved and selective. She 
was behaving as millions of years 
of evolution had conditioned 
her: establishing her territory, 
investigating my alien presence 
and determining whether I was a 
competitive predator or potential 
prey. Deciding that I was neither, 
she settled down and graced us with 
hours of breathtaking interactions. 
Over several days an intelligent, 
curious and cautious animal revealed 
itself. Through our interactions we 
succeeded in capturing powerful 
imagery that exposed the true nature 
of these magnificent beings and the 

unique connection between human 
and shark.

Working in a close coalition of 
nongovernmental organizations — 
including Blue Sphere Foundation, 
SeaLegacy, Lonely Whale, Vulcan, 
Wildlife Conservation Society, Pew 
Charitable Trusts, Humane Society 
International, International Fund 
for Animal Welfare, Professional 
Association of Diving Instructors, 
Nakawe Project and others — we 
took a stand for makos in August 
2019 on the floor of the CITES 
conference. Harnessing the power 
of social media, 100,000 concerned 
global citizens joined the chorus, 
calling on nations to do the right 
thing and protect makos. In a vote 
that came down to the line, the 
member parties voted to add makos 
to Appendix II of CITES, a landmark 
victory to protect such a commercially 
valuable shark species. AD

Shawn Heinrichs is the founder of 
Blue Sphere Foundation. 
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Divers can help by 
doing the following:

• Be a powerful voice for 
shark conservation in 
your community.

• Support international, 
national and state 
legislation that  
protects sharks.

• Spend your travel 
dollars in places that 
are taking a stand  
for sharks.

• Contribute to 
organizations that  
are working to  
protect sharks.

• Never consume food 
or buy products made 
from sharks.

Clockwise from top left: Shark scientist Riley Elliot and former tuna longline fisherman Travis Boyd 
patiently interact with a female mako shark on her terms near Auckland, New Zealand. Victims of 
unregulated fisheries, makos are frequently landed as bycatch in tuna longlines in Sri Lanka. The scale 
of shark fisheries is almost beyond comprehension, such as in this port in Kesennuma, Japan, where 
we documented an estimated 6,500 blue sharks landed in a single day.
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for the free app.  

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

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

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

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

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

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

Other questions?  
For complete contact information, all other services and general  
inquiries, please visit DAN.org/contact.
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AFTER A FEW DAYS with seas 
made rough by the northern 
wind, a calm morning surface 
finally gave me a good chance to 
find the dugong for which I had 
been searching in the Marsa Alam 
region of Egypt. 

Dugongs feed by tearing 
the seagrass from the sand, 
leaving a network of grass-free 
lines as traces on the seafloor. I 
found the area with the highest 
density of traces crossing back 
and forth in the shallows. On my 
way I saw green sea turtles and 
bluespotted rays. After meeting 
the same turtles over and over 
again, I decided to give up. The 
sun appeared low on the horizon, 
painting colorful rainbow scales at 
the bottom. I thought about what 
a beautiful shot that would be.

On my way back to shore I 
spotted patches of turbid water in 
the shallows. I expected that turtles 
caused them, but the size of the 
patches enticed me to check them 
out. As I passed through the cloud 
of sand, a dark object appeared 
on the seafloor. From a distance 
it looked like a turtle, but when 
I approached I realized it was a 
dugong! I looked around;  
there were no other divers or 
snorkelers. My pressure gauge 
showed 1,000 psi left in my tank. 

After recovering from my initial 
rush of excitement and capturing 
some images, I observed the 
dugong’s interesting feeding 
behavior. He used his mustache to 
detect the finest seagrass, and with 
a pulsing jaw he would dig in the 
sand to pick up the tiny leaves. I 
was excited to capture the moment 
when he pushed his pectoral fins 
against the floor to lift himself. 

He stopped feeding and 
looked at me and all around. In 
an explosion of sand, his pectoral 
fins swiftly lifted him up from the 
floor, leaving a massive cloud 
behind him. AD         

EQUIPMENT: Nikon D200, Tokina 
10-17mm lens at 10mm, Subal 
housing, two Subtronic Pro 160 
strobes at half power
SETTINGS: 1/200 sec,  
f/8, ISO 100
LOCATION: Abu Dabbab, 
Marsa Alam, Egypt

Sunset Encounter

By Martin Strmiska   |   aquasphere.sk

http://aquasphere.sk/
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