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under the influence: A per-
formance guide to manag-
ing narcosis  
 —from aquacoRps # 3, 
Deep, jAn91

text by Barry fowler, ph.D. 
illustrations by Andrew Bell
creaturesinmyhead.com

Breathing hyperbaric 
air causes a syndrome 
of behavioral and sub-
jective effects called 
nitrogen narcosis, 
which limits the work 
efficiency of divers and 
is ultimately life-threat-
ening. 

table 1(right) presents the 
classic view of the progres-
sive effects of nitrogen nar-
cosis based on descriptions 
in a number of current text-
books (Bennett, 1981; Miller, 
1979; edmonds et al., 1983). 
this view emphasizes the growing help-
lessness of the diver to combat narcosis 
until eventually stupification sets in at 295 
fsw.  
 the image of helplessness is reinforced 
by cousteau’s well-known description of 
narcosis as “raptures of the deep” and 
his accompanying warnings about a 

loss of self control, which is 
exemplified by the urge a 
diver might have to give his 
mouthpiece to a passing 
fish.
 Given the assumption of 
helplessness, it is not surpris-
ing that the usual advice 
to divers is to avoid narco-
sis by not descending too 
deep, or to ascend 
immediately when 
symptoms are 
encountered. this 
is excellent advice: 
narcosis should be 
avoided if possi-
ble.  on the other 
hand, this advice 
is not helpful to 
those divers who 
must work while 
narcotic.
 the purpose 
of this paper is 
twofold. first, to 
highlight recent 
advances in 
behavioral 
research on narco-

sis, which suggest that it might 
be possible to develop train-
ing procedures to improve the 
work effectiveness and safety of 
divers exposed to narcosis. the 
second purpose is to propose 
some principles that could serve 
as a guide for he development 

of these procedures. for more detail on 
the experiments mentioned in this paper, 
the reader is referred to a recent review 
covering the last 15 years of behavioral 
research on narcosis (fowler, et al., 1985).

Narcosis as a slowing  
of responding
Recently, a theory called, the slowed 
processing model, has been proposed, 

which suggests 
that, prior to 
unconscious-
ness, the primary 
effect of narcosis 
on performance 
arises from a 
single funda-
mental deficit 
in the central 

nervous system.  this deficit is thought 
to be a decrease in arousal which slows 
responding but does not cause percep-
tual distortions of either vision or audi-
tion. 
 the claim that narcosis does not 
cause perceptual distortions is counter-
intuitive, because narcosis typically 
decreases the accuracy of responding 
as well as increasing response time on a 
variety of cognitive, perceptual-motor 
and manual dexterity tasks.
 to explain how the slowed process-
ing model accounts for these decreases 
in accuracy, it is useful to consider an 
example of the research that is being 
conducted on narcosis with the hyper-
baric facilities at the Defense and civil 
institute of environmental Medicine in 
toronto, canada. one of the tasks used 
to study narcosis is called the serial 
choice Reaction timer. it consists of a 
set of push buttons arranged so that a 
finger can rest comfortably on each 
one.  
 Adjacent to each button is a light-
emitting diode. the task is to extinguish 

tABle 1: A summary of the 
classic view of the progressive 
effects of nitrogen narcosis.

4AtA (98 fsw) 
Mild euphoria, delayed 
responses

6AtA (164 fsw) 
sleepiness, hallucinations, 
impaired judgement; laughter 
and loquacity may be over-
come by self control.

8AtA (230 fsw) 
convivial group atmosphere, 
severe impairment of intellec-
tual performance, uncontrolled 
laughter or terror reaction in 
some.

10AtA (299 fsw) 
stupifecation, mental abnor-
malities, euphoria, almost total 
loss of intellectual faculties.

technical 
matters

Managing narcosis

Adaptation to narcosis: number of exposures to narcosis, figure 1.  true adaptation to narcosis is 
illustrated in the top figure and non-specific learning in the bottom one. it is assumed that learning is 
occurring on the task but adaptation could occur without learning

squishy...  
i feel squishy
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a lighted diode as quickly as 
possible by pressing the appro-
priate button. this lights another 
diode randomly which must then 
be extinguished and so on for a 
specified period of time—usually 
90 seconds. A computer controls 
this sequence of events and also 
records reaction time and the 
number of times an unlit button is 
pressed—this is defined as an error 
and reflects the level of accuracy.  
 subjects performing this task 
in a hyperbaric chamber at the 
equivalent of 295 fsw show an 
increase in reaction time and 
in the number of errors commit-
ted, but they are not stupefied as 
the classic view would suggest. 
Moreover, it turns out that these 
errors can be eliminated by train-
ing the subjects to slow down. in 

other words, the loss in accuracy 
can be controlled at the expense 
of speed. 
 Generally speaking, it appears 
that this is true for many tasks 
where a loss of accuracy is not 
necessarily part of the perform-
ance breakdown due to narcosis. 
to summarize, the slowed process-
ing model holds that decreased 
accuracy on many tasks is due to 
untrained individuals working too 
quickly and being willing to take 
more risks than usual.
 two training principles are sug-
gested by this research. first, dis-
organized behavior is not neces-
sarily part of narcosis and can be 
overcome by training. second, 
errors can be avoided by slowing 
down. conversely, when time is at 
a premium and the diver is hurry-

ing, an increase in errors 
will be unavoidable. the 
potential costs of these 
errors in terms of work 
efficiency and safety 
must be weighed against 
the possible gains.
 for example, it might 
be acceptable to hurry 
and make an assembling 
a piece of apparatus. it 
would not be accept-
able to hurry and make 
an incorrect decision 
resulting in loss of orienta-
tion with respect to an 
anchor or guideline.

Effects of narcosis  
on memory
tasks involving long-term 
memory and learning are 
one area where slowed 

processing model is unsuccessful 
in explaining decreases in accu-
racy by a failure to slow down. 
narcosis causes forgetting, which 
can be so severe that it was evi-
dent to early observers. 
 even before World War ii, it 
was noticed that, after surfac-
ing, divers were unable to recall 
all the events that had taken 
place under water. More recent-
ly, research has demonstrated 
another effect. During a dive, 
Material learned beforehand may 
not be recalled.
 Quite clearly, these forms of 
amnesia raise a number of poten-
tial problems. During the dive, 
there is the possibility of forgetting 
previously learned instructions and 
the learning of new material will 
be impaired. this latter effect will 
contribute to difficulty in solving 
new problems. After surfacing, 
events during the dive may not 
be recalled.
 two training principles could 
be employed to counter these 

amnesic effects. first, the diver 
should rely on memory as little as 
possible. second, when memory 
must be relied on, the material 
should be highly overlearned and 
memory cues used to minimize 
forgetting. 
 examples of procedures relat-
ing to the first principle include 
preparing and using a check-off 
list, which details every stage of 
the dive and recording all interest-
ing observations during the dive. 
With respect to the second prin-
ciple, divers must overlearn any 
emergency procedure, which is to 
be executed quickly in a precise 
sequence. in addition, an obtru-
sive alarm system should serve as 
a cue for critical items, such as 
bottom departure time.

Subjective symptoms  
of narcosis 
—and their relationship to per-
formance
the term “raptures of the deep” 
was coined to highlight a striking 
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foWleR on nARcosis
• Disorganized behavior is not a neces-
sary part of narcosis and can be over-
come by training. errors can be avoided 
by slowing down.
• Divers should rely on memory as little as 
possible. When memory must be relied 
on, the material should be highly over-
learned and memory cues used to mini-
mize forgetting.
• Divers must become familiar and com-
fortable with the sensations of narcosis, 
and learn to allocate attention between 
the task and the symptoms in a man-
ner appropriate to the situation. Divers 
can learn to use the intensity and type 
of symptoms to estimate performance 
capability.
• Divers should practice as much as pos-
sible prior to the dive on the tasks to be 
performed underwater. ■

…i thought i could handle it.
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characteristic of narcosis—the 
subjective sensations of euphoria 
which may induce rash behavior. 
however, the point was made 
earlier that divers can be trained 
to act rationally under narcosis. 
one may feel euphoric without 
necessarily acting these feelings.  
 the emphasis on euphoria has 
obscured the fact that there 
are other subjective sensations 
induced by narcosis. these have 

 been documented by asking 
experienced divers to identify 
adjectives describing their feel-
ings. in all, four clusters of adjec-
tives have been identified. these 
relate to euphoria (e.g. more 
carefree and cheerful), con-
sciousness (e.g. more fuzzy and 
hazy), work capability (e.g. less 
effective and efficient) and inhibi-
tory state (e.g. less cautious and 
self-controlled).

 for training purposes, it is impor-
tant to note that, apart from 
inducing rash behavior, subjec-
tive symptoms have the potential 
to influence performance in two 
ways. first, performance may be 
disrupted because the diver pays 
attention to the internal sensa-
tions of narcosis at the expense 
of maintaining concentrations on 
the environment and the task.  
 this is because a fairly strong 
relationship has been demonstrat-
ed between subjective ratings of 
the severity of narcosis and the 
degree of performance impair-
ment. it should be noted that 
this study was performed under 
ideal conditions in a dry hyper-
baric chamber and possibly these 
results could not be replicated 
under water. this is because a 
variety of other factors, e.g. cold, 
anxiety and fatigue, could all 
produce sensations which might 
mask narcosis.
 the potential influence of the 
subjective symptoms of narco-
sis on performance suggests 
three training principles. first, the 
diver must become familiar and 
comfortable with the sensations 
of narcosis. second, the diver 
must learn to allocate attention 
between the task and the symp-
toms of a manner appropriate to 
the situation.  
 the object here is to prevent a 
performance deficit due to inat-
tention, but at the same time, not 
to ignore the symptoms entirely.  
the reason for not ignoring symp-
toms becomes apparent in the 
third principle. this states that a 
diver should be taught to use the 

intensity and type of symptoms to 
estimate performance capability.  
for example, in the event of inad-
vertently exceeding the depth 
limit during an excursion dive, sub-
jective symptoms could be the 
first warning if the development of 
a life-threatening situation.

Adaptation to narcosis
it is generally agreed by divers 
that frequent exposure to nar-
cosis leads to adaptation. the 
problem is that research on this 
question has not clarified what 
kind of adaptation is taking place 
(fowler, et al., 1985).
 there is some evidence of 
adaptation that is specific to 
narcosis. this means that, over 
successive exposures, perform-
ance under narcosis improves 
at a greater rate than a surface 
control—this is true adaptation. 
 on the other hand, this kind of 
adaptation has not been found 
in some experiments where the 
improvement in performance 

is identical for narcosis and the 
surface control. this is a case of 
non-specific learning, but it is 
important to note that there is still 
an improvement in performance 
under narcosis. figure 1 illustrates 
these two cases.
 three conclusions are sug-
gested by these results. first, true 
adaptation to narcosis may occur 
but only under certain circum-
stances which are not presently 
understood. second, it is pos-
sible that divers may sometimes 
mistake non-specific learning 
for true adaptation.  third, it is 
not clear what the relationship 
is between the adaptation of 
subjective symptoms and the 
adaptation of objective perform-
ance. it is possible that divers may 
be basing their opinions about 
adaptation largely on subjective 
symptoms. to date, researchers 
have ignored this possibility and 
focused on measuring the adap-
tation of objective performance.

 it is clear that a good deal 
more research is required before 
the issues raised here about 
adaptation are resolved. in the 
absence of clear-cut research 
results, it is difficult to offer spe-
cific training principles which take 
advantage of adaptation or non-
specific learning. 
 until these results become avail-
able, a generally useful training 
principle is to provide the diver 
with as much practice as pos-
sible prior to the dive on the tasks 
to be performed under water. 
if these tasks can be practiced 
under narcosis prior to the dive, so 
much the better. there are some 
techniques that might be useful 
for this purpose, but it is beyond 
the scope of this paper to discuss 
them.

Some final caveats
the eight training principles that 
have been proposed are aimed 
at controlling and possibly amel-
iorating the effects of narcosis 
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when it cannot be 
avoided.  underlying 
these principles is a view 
of narcosis, expressed 
in terms of the slowed 
processing model, which 
differs from that present-
ed in current textbooks.  
however, it must be 
emphasized that these 
principles are only tenta-
tive and must be tested 
by controlled research.  
there is definitely no 
suggestion that current 
maximum depth guide-
lines for sports divers 
should be violated.
 finally, for the pur-
poses of this paper, the 
whole question of pre-
dicting performance in 
the underwater environ-
ment has been over-sim-
plified. there are a variety of other 
stressors, which coexist with narcosis 
and which, in combination with it, 
have the potential to place severe 
limits on performance.  
 these include hypercapnia, cold, 
anxiety, perceptual disorders and 
weightlessness (fowler, et al. 1983; 
Godden and Baddeley, 1979). this 
has been demonstrated clearly 
in the case of anxiety (Baddeley 
and fleming, 1967), but information 
about other combinations is virtually 
non-existant. if deep diving on air is 
to be carried out with a maximum 
of safety and efficiency, training 
procedures must not only be guided 
by the effects of narcosis on per-
formance, but also by the effects of 
any additional stressor that may be 
present in combination with narcosis.

 Barry fowler, ph.D., is one of the 
leading researchers in the field 
of inert gas narcosis. he can be 
reached at York university, 4700 
Keele street, new York, ontario, M3j 
1P3, Canada. ■
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Rebreathers allow divers 
to enter a realm of 
undreamed-of opportu-
nity. However, while they 
provide a solution to many 
of the drawbacks of open 
circuit scuba diving, such 
as limited gas supply, noise 
and short no–decompres-
sion limits, rebreathers also 
expose divers to a number 
of new concerns, which is 
why proper training and 
lots of practice in emergen-
cy procedures are essen-
tial.

 
Not only free divers
one of these concerns is a widely 
misunderstood phenomenon most 
frequently referred to as shallow 
water or hypoxic blackout, some-
thing that hitherto 
has typically been 
a problem encoun-
tered mainly by free 
divers. 
 A technique many 
free divers prac-
tice to extend their 
time underwater is 
hyperventilation. 
they breathe in and 
out aggressively to 
reduce their carbon 
dioxide levels as much as pos-
sible. this causes the breathing 
reflex and onset of anxiety to be 
delayed while they are underwa-
ter. then they dive. As they swim 
their bodies metabolize the oxygen 

and convert it into carbon dioxide 
and the longer they are down the 
more oxygen is metabolized.

Maintaining conciousness 
human beings can function nor-
mally at oxygen partial pressures 
of between 0.16 and 0.5. At par-
tial pressures greater than 0.5 we 
are at risk from oxygen toxicity: at 
partial pressures below 0.16 the 
oxygen level is insufficient for us to 
maintain consciousness. 
 At the surface, the oxygen par-
tial pressure in the air the free diver 
breathes is 0.21. When he arrives at 
10m (33ft), generally speaking, the 
percentage of oxygen in the air in 
his lungs is still 21 percent, but as he 
is now at an ambient pressure of 
two atmospheres and as the pres-
sure of the air in his lungs has now 
doubled, the partial pressure of the 
oxygen in his lungs is 0.42.

Dropping pO2
this partial pressure then starts to 

drop and continues to fall 
as the oxygen is metabo-
lized. if the diver stays at 
depth until the partial pres-
sure drops to 0.28, he is 
fine, but this equates to a 
partial pressure of only 0.14 
at the surface. so, as he 
ascends and his oxygen 
partial pressure drops with 
the reduction in ambient 
pressure, somewhere at a 
point close to the surface 

it will fall below 0.16, the diver will 
black out abruptly and, if he is not 
positively buoyant, will sink back 
down to the depths.
 Rebreather divers can encounter 
similar issues as they ascend. on 

most electronic ccRs, the oxygen 
level in the diver’s breathing sup-
ply is maintained at a preset level. 
As the diver ascends, the ambient 
pressure drops as does the partial 
pressure of oxygen in the diver’s 
breathing loop. 

Lag effect 
When the rebreather’s electronics 
detect that this is happening they 
direct a solenoid to 
allow a fresh injec-
tion of oxygen into 
the loop to maintain 
the partial pressure 
at the desired level.  
if the diver’s ascent 
is too rapid, how-
ever, the electron-
ics may not have 
time to pick up and 
compensate for the 
oxygen shortfall.  
furthermore, if the 
oxygen cylinder is 
empty or if corro-
sion or other debris 
is blocking the injec-
tor then no oxygen 
can be added, no 
matter how controlled the ascent. 
if the diver does not monitor his 
oxygen partial pressure and act to 
manually sustain a breathable oxy-
gen level by, for instance manually 
injecting fresh diluent gas into his 
breathing loop, he will black out 
before he reaches the surface. 
 
There are no warning signs 
or symptoms
it may well be that this phenom-
enon lies behind a number of 
unexplained rebreather fatalities in 
recent years. With very few excep-

tions, we all begin our diving lives 
on open circuit scuba and acquire 
open circuit habits. it is common 
in standard no decompression 
sport diving for divers to relax their 
vigilance once they begin their 
ascent. the dive is over and their 
attention starts to wander. it is also 
natural for a diver who encounters 
a problem or feels uncomfortable 
to quickly seek sanctuary in the 

shallows. After all, this 
makes good sense 
in open circuit terms 
because the shallower 
you are, the less air you 
use and the more time 
you have to solve any 
problem.
 
Resist the  
tendency 
Due to the dangers 
of hypoxic blackout 
rebreather divers have 
to be trained to resist 
such tendencies, and 
it can require intensive 
practice for them to 
achieve the instinctive 
level of concentration 

and discipline required. the ability 
to conduct a controlled and con-
sidered ascent is a widely under-
estimated tool in any diver’s skill 
set. for a rebreather diver, it is an 
essential survival technique. ■

simon pridmore is the author of 
scuba confidential: An insider’s 
Guide to Becoming a Better Diver, 
which will be available from Best 
publishing company in late 2011. 
see www.scubaconfidential.com 
for an advance preview.

The Insidious Threat of Hypoxic Blackout in Rebreather Diving
Why rebreather divers, even more so than open circuit divers, 
need to be in control and focused when they ascend.

One of these 
concerns is a widely 

misunderstood 
phenomenon most 
frequently referred 
to as shallow water 
or hypoxic blackout, 

something that 
hitherto has typically 

been a problem 
encountered mainly 

by free divers. It may well be 
this phenomenon 

lies behind 
a number of 
unexplained 
rebreather 
fatalities in 
recent years.

text by simon pridmore
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text and photos by lawson Wood

We already know that as you 
go underwater light refracts and 
changes colour with the density 
of the water. You lose the colour 
red in less than two metres 
(6.5ft) and that colour gradually 
loses intensity the deeper we go 
underwater. To compensate for 
this loss of light and colour, we 
either add a flash to illuminate 
the subject, a filter to alter the 
colour spectrum being ‘seen’ 
by the camera, change the 
white balance accordingly at 
the beginning of the dive or by 
a quick fix on Photoshop. This 
loss of colour is the underwater 
photographer’s ultimate chal-
lenge; our goal is to bring back 
as much of the real and natural 
colour as possible, allowing the 
viewer to truly appreciate the 
splendour of our underwater 
world.
By far, the simplest (yet costly) way for-
ward is to use flash. Most compact cam-
eras have fairly adequate internal flash 
to illuminate close-up subjects, but this 
small flash is not strong enough to illumi-
nate larger subjects or subjects at a dis-
tance of over 1metre (3.25ft). those com-

pact camera owners are recommended 
to purchase an additional external flash 
unit that actually fires as a ‘slave’ to the 
camera’s own internal flash by the use of 
a fibre optic cable, allowing for a greater 
spread of light to illuminate a larger sub-
ject area. White balance settings ulti-
mately always help, but the addition of 
external flash is better still.

Light underwater—the way light is 
affected once we go underwater
As you can see, light and its absorption 
causes all sorts of problems once it starts 
to penetrate the underwater realm.
 the principal problem which underwa-
ter photographers face is the fact that 
we are underwater, and it is the water 
that gets in the way of the picture, or 
more accurately, it 
is the particles in sus-
pension in the water, 
(which reduces the vis-
ibility) which get in the 
way of a clearly lit pho-
tograph. in low visibility, 
these particulate—be 
they planktonic debris, 
bits of rusty particles 
knocked off an old 
wreck, small marine 
critters dislodged by 
a diver’s exhaust air 
bubbles, the bubbles 
themselves or sedimen-
tation—any and all of 
the above can and 
normally will produce 
an effect called ‘back-
scatter’. this occurs 

when the burst of light produced by your 
electronic flash bounces off and reflects 
back to the camera’s lens before it has 
reached the subject to be illuminated.
 When using flash to take a photograph 
of the subject, not only do we have to 
cope with the attenuation of light reach-
ing the subject, we also have to deal 
with various sea conditions: sunny or 
cloudy overcast days, highly reflective 
subjects such as silverside minnows or 
even a diver’s bald head!
 (Assuming that the water is crystal 
clear) the calmer the water the more 
light is able to penetrate into the depths 
and allow for natural light illumination 
of your subject. this obviously does not 
happen in poor visibility areas, and these 
dives should almost be treated as poten-
tial night dives.

 the rougher the water, the more a 
higher percentage of the sun’s rays are 
deflected back up into the atmosphere.  
light does filter down from above to the 
subject, but due to the refractive index 
of light absorption, you lose the colour 
red in approximately 2m (6.5ft) of water.  
there is of course a scattering of light in 
the water column as well as the subject 
matter actually absorbing and reflect-
ing light particles as you take the pho-
tograph. A white sandy seabed will help 
the overall illumination, but black sand 
will absorb the light.
 Reflective surfaces such as the sides 
of these silverside minnows have to be 
treated with caution, as too much flash 
will produce flare that will bounce back 
and overexpose the photograph.
 By concentrating the flash directly 

photo  & 
video Flash Photography

subject: clown Anemonefish 
(Amphiprion ocellatus), lembeh 

straits, indonesia. 105mm lens, 
iso 200, sea & sea Ys110 flash, 

1/125th second at f22
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photo & 
video

into the centre of the subject area, i was able 
to illuminate all of the fish, and the extreme 
wide angle of the lens gave the impression of 
vignetting with the outside of the frame fading 
to dark. undoubtedly, flash always enhances a 
highly colourful subject, but it is also extremely 
effective in illuminating fairly monochrome sub-
jects such as the silvery fish.
 on a compact camera, the use of the cam-
era’s internal flash (whilst it is powerful enough 
to illuminate the subject) it is incorrectly posi-
tioned due to the housing’s manufacture, and 
this will always create a shadow in the lower 
right hand side of the photograph, particularly 
when using the macro setting on the camera.  

the way to get around this 
anomaly is to keep the cam-
era setting on macro, with 
the flash on, move further 
back and away from the 
subject (this also eases the 
stress on you and the critter) 
and use the camera’s inter-
nal zoom lens to get closer 
once more and allow you 
to compose the subject with 
full illumination, no stress and 
no shadows.
 As you can see, clearly 
illustrated in the images (top 
right) is the problem with the 
canon compact camera’s 
housing creating a shadow 
when working in close to 
the subject, yet it is cured 
by staying further back and 
using the zoom instead.
 the use of ‘fill-in’ flash is 
perhaps the most rewarding 
as our camera’s automatic 
settings do like to give their 
sensor’s rendition of the 
colour of the background 
water, whether it be the 

green of scottish waters or the brilliant cobalt 
blue of the Red sea, pacific or caribbean 
waters. By using just enough flash to ‘fill in’ the 
colours of the subject in the foreground, yet still 
take the photograph at the same aperture (of 
the natural light available), we are able to give 
colour and depth to the subject and the scene 
overall.

Challenges
the use of flash underwater in inevitably chal-
lenging. take for instance the two wreck pho-
tographs (next page) taken recently at scapa 
flow in the orkney islands off the northern 
shores of scotland. Both are in very similar con-

subject: Kelly 
and school 
of silverside 
Minnows, little 
cayman island.
15mm lens, 
fuji velvia 
(scanned), iso 
50, sea & sea 
Ys200 flash, 
1/125th second 
at f16

subject: tarpon and school of silverside Minnows, east end, Grand cayman island
10.5mm lens, iso 100, twin sea & sea Ys100 flash, 1.80th second at f8

subject: 
stareye 
hermit 

crab 
(Dardanus 

venosus), 
Dominica.

canon 
powershot 
s95, Auto 

settings
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cinema of dreams

www. seacam.comditions, but the first photograph on the 
Kronprinz Wilhelm is taken in 46m (150ft), 
and we are actually underneath the 
ship. the muddy seabed is getting stirred 
up; there is no natural light due to the 

deep shadow 
created by the 
looming ship-
wreck overhead, 
and i have to 
completely illu-
minate all of the 
subject area.  
the second pho-
tograph on the 
Karlsruhe is taken 
in 26m (90ft).  
the underwater 
visibility is the 
same, but there 
is now enough 
ambient light to 
illuminate the 
subject area, but 
i still need ‘fill-in’ 
flash to highlight 
the divers and 
the wreckage 
of the gun in the 
foreground. the 
divers/models 
are using their 
dive lights and 

these also give the impression that it is 
the divers who are illuminating the gun, 
and not my camera’s flash—pretty near 
perfect, as far as i am concerned!

Problems to avoid
By not taking care in the use of the cam-
era’s command dial (image next page), 
i reversed the settings that i was aim-
ing for and subsequently lowered the 
aperture and increased the speed of 
the shutter.  sadly, my flash did not syn-
chronize to the 1000th of a second shut-
ter speed and failed to fully illuminate 
the subject. care must always be taken 
when adjusting the camera speed and 

shutter control. try not to be in a rush as 
obvious mistakes like this one should be 
easily avoided and photographers of my 
experience should no better!
 A similar problem, but at the oppo-
site end of the spectrum happens when 
the camera is set on automatic and 
trusting that the flash will recharge in 
time to be able to synchronize with the 
shutter speed. sadly, the flash has not 
recharged in time to be able to fire, 

subject: technical Diver 
nat from Divetech on 

Grand cayman island.
10.5mm lens, iso 100, twin 

sea & sea Ys110 flash, 
1/80h second at f:11

subject: stern gun 
on the German 
Batlecruiser  
Kronprinz Wilhelm, 
scapa flow, 
scotland.
10.5mm lens, iso 
400, twin sea & sea 
Ys110 flash, 1/80h 
second at f:5.6

subject: stern gun 
on the German 
light cruiser  
Karlsruhe, scapa 
flow, scotland.
10.5mm lens, iso 
200, twin sea & 
sea Ys110 flash, 
1/80h second at 
f:5.6
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Flash
subject: Banded shrimpgoby 
(neoturris pileata), Red sea.
60mm lens, iso 100, sea & sea Ys180 
flash, 1/1000th second at f3.4

and the automatic setting on the 
camera has reduced the shutter 
speed so low that the subject is not 
only moving, it is out of focus too. 
(nevertheless, it is still a pleasing 
photograph!)
 the sequence of two photo-
graphs (bottom right) that i am 
using to illustrate this example were 
actually taken with the flash (full 
colour) photograph on the right 
first, followed instantaneously by the 
second photograph before the flash 
had time to recycle and fire again. 
the subjects are virtually identical, 
excepting that one can clearly see 
the effects of using or not using flash 
underwater to illuminate a subject 
area. the flash has clearly illumi-
nated the brilliant colours of the soft 
corals, yet have failed in power to 
reach my dive partner, Reeta, in the 
background, exactly the effect that 
i was wanting to achieve. By revers-
ing these images in a dissolve style 
audio-visual presentation, you have 
the effect of a rather drab colour-
less photograph virtually coming to 
light before your eyes.
 undoubtedly, the use of flash 
underwater is absolutely essential 
to bring to light (please excuse the 
pun) the actual true and brilliant 
colours which the eye and the cam-

era lens rarely see in all 
of their glory, except 
in extremely shallow 
water. only with flash, 
set to the correct 
colour temperature 
as that of daylight 
(approximately 6,500K) 
that you are able to obtain truly 
stunning colour renditions of a rather 
drab and usually colourless under-
water world.
 flash photography, of course, is 
always used on night dives, as rarely 
do divers carry sufficient continuous 
and powerful lights to completely 
illuminate the seabed to allow your 
camera to use a natural light set-
ting, even at night. sorry, but i have 
actually witnessed this! for the rest 
of us, the use of a camera and flash 
either internal or external on a com-
pact camera and externally on a 
housed Dslr are dérigueur for all of 
us underwater photographers.
 the use of a spotting light (often 
located inside the flash) such as 
some of the sea & sea flash, ikelite 

subject: Green turtle 
(chelonia mydas) 
sipadan island, 
Malaysia. 20mm lens, 
iso 100, sea & sea 
(misfired) Ys180 flash, 
1/8th second at f3.4

A compact 
camera with 

attached 
external flash

subject: Reeta tunney 
along a wall of soft corals 

in the northern Red sea.   
10.5mm lens, iso 100, twin 

sea & sea Ys110 flash, 
1/125th second at 8.
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and inon models is an absolute 
must not only to aid composi-
tion, but for also finding imme-
diately which brilliant colours 
are on display by many of the 
marine critters that are often 
only seen out at night. 
 no matter what type of cam-
era you are carrying underwa-
ter, buoyancy control has to be 
second nature in approaching 
your subject matter. 
 no matter what type of 

underwater camera system you opt for, 
immediately you will note the distinct 
difference in size. they say size doesn’t 
matter—well apparently it does! With 
more and more weight restrictions being 

levied on international airline travelers, 
the underwater photographer undoubt-
edly feels the brunt of these rules as 
invariably there will be additional costs 
levied onto your holiday travel cost.

 With this in mind, many divers opt for 
the simpler (yet still very versatile) com-
pact camera, or icl, as it can be carried 
in hand luggage and rarely raises an 

eyebrow as it passes through 
X-ray machines. for those of 
us lumbered with large Dslr’s, 
plus housing; plus perhaps 
two external flash; extendable 
arms; batteries; recharging 
units; numerous lenses; numer-
ous ports for the housing to 
suit the lenses and inevita-
bly we will also be trying to 
smuggle on board a laptop 

computer; external hard drives; 
memory cards and even DvD’s.  
can you imagine the apoplexy 
that the security guards have at 
airports when they see all that 
hardware in one case that can 
hardly be called hand baggage, 
as it weighs more than your hold 
luggage with all of your diving 
gear; torch lights; diving comput-
er; clothes and wee home from 
home snacks to make your over-
seas dive trip more bearable, just 
in case you do not like the food!
 Who on earth said that this was 
fun! But, when those little critters 
start to perform for you, or when 
that whaleshark just arrives at the 
same time as you, or when you 
find your first hairy squat lobster 
without the use of a dive guide, 
and you correctly illuminate a 
golden cup coral on a night 
dive, then all the effort is worth it.
 As we have discussed, 

photo & 
video

subject: Golden cup coral 
(tubastrea aurea) northern Red 
sea. 105mm lens with +2 dioptre, 
iso 100, twin sea & sea Ys110 
flash, 1/80h second at f:8

subject: snowy, jackson Reef, 
northern Red sea, 10.5mm lens, 
iso 100, twin sea & sea Ys110 
flash, 1/125th second at f8

subject: salmon (salmo salar), 
Deep sea World Aquarium, north 
Queensferry, scotland,15mm 
lens, fuji velvia (scanned), 
iso 50, sea & sea Ys120 flash, 
1/125th second at f:11
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the main problem that underwater 
photographers have is the fact that the 
water gets in the way of the picture, 
or more accurately, it is the particles in 
suspension in the water, which get in the 
way of a clearly lit photograph. in low 
visibility, these particles in suspension, be 
they planktonic debris or sedimentation, 
will produce an effect called ‘back-
scatter’.  this occurs when the burst of 
light produced by your electronic flash 
bounces off and reflects back to the 
camera’s lens, before it has reached the 
subject to be illuminated.
 to counteract this effect, there is a 

combination of steps that you can take:

1. Get as close to your subject as 
possible; in effect, remove the water 
element by using a wide angle lens.
2. hand hold or repostion the flash to cut 
across the sedimentation and so limit the 
backscatter.
3. only use a flash to subject distance of 
one fifth of the underwater visibility. (ie. if 
the viz’ is only 5m, the maximum distance 
your flash to subject distance should be 
only 1m)
4. Better still, only take photographs in 
clear, clean warm water.

sometimes backscatter can be used to 
your advantage. undoubtedly, some 
of these photographs illustrated work 
because of the backscatter. it gives 
a very real sense of being underwater 
and highlights the fact that not all of our 
diving is in crystal clear water in exotic 
locations. Most of us dive much closer to 
home, and invariably, our home waters 
are generally not as clear as we would 
like them to be. With the salmon (previ-
ous page), we are faced with lots of 
highly reflective air bubbles from the 
underside of a waterfall plunging into a 
fresh water pool, and the other is quite 

simply taken in extremely bad visibility 
where backscatter is expected—it is 
accepted, and it is then used to create 
the photograph required.
 sometimes however, no matter how 
skillful you are in underwater photogra-
phy and photoshop techniques, some 
photographs are just not worth rescuing.  
in this instance (top image), not only am 
i too close to the subjects, the visibility 
is just too poor; i have got my lighting 
wrong, and generally, this should be con-
signed to the digital bin. such a shame 
because i just love ornate Ghost pipefish.
 this is what happens when you get 

it right (above) with the same subject, 
same time, just differing compensation 
for the flash and ambient light and its 
effect on backscatter.
 Buying a flash is easy. choosing the 
correct flash for your photography is 
more difficult, and i suggest that you 
consult any of the larger retailers such as 
ocean optics, cameras underwater or 
ocean leisure underwater cameras who 
will give you independent and informed 
advice on a large number of flash from 
different manufacturers. ■

subject: Dahlia Anemone (urticina 
eques) st.Abbs, scotland.15mm lens, 
fuji velvia (scanned), iso 50, sea & 
sea Ys200 flash, 1/60th second at f16 

subject: ornate Ghost pipefish 
(solenostomus paradoxus) Gangga 
sland, north sulawesi, indonesia. 
60mm lens, iso 100, sea & sea Ys120 
flash, 1/125th second at f:11

subject: ornate Ghost pipefish 
(solenostomus paradoxus) Gangga 
sland, north sulawesi, indonesia. 
60mm lens, iso 100, sea & sea Ys120 
flash, 1/125th second at f:11
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news edited  
by Don silcock

Nikon mirrorless “1 System”
nikon has announced the release of the 1 system evil 
camera range. two new cameras, the j1 and v1, four 
new lenses and a speedlight make a new range within 
the nikon family. specifications on the new camera 
include a cX-format, 10.1 megapixel high-speed Af 
cMos, iso range from 100-3200, a new eXpeeD 3 
image processing engine and hD movies at 1080p with 
frame rate control (30, 60, 400 and 1200fps). the new 
autofocus system in the cameras has 73 focus points 
and is claimed to be the world’s fastest. the j1 is 
being aimed at a more general consumer who “who 
use a camera as part of their connected lifestyle”. 
the v1 has a magnesium alloy body, mechani-
cal shutter and an enhanced evf screen. the new 
lenses announced today include a 10-30mm f3.5-
5.6 zoom, a 10mm f2.8 pancake, a 20-110mm f3.8 
zoom and a power zoom; the 10-100mm f4.5. the 
new products will be available from 20 october. 
the j1 will retail at us$649.95 with the 10-30mm, 
the v1 at $899.95 with the same lens.   
www.nikonusa.com

Canon EOS 1D X 
canon has announced the release of the new eos 

1D X professional camera body. the new camera 
will replace the eos-1Ds Mark iii and eos-1D Mark 
iv in the canon range and features a new 18 
megapixel full frame cMos sensor, dual loGiK 5+ 
image processors, 14 bit data conversion and a 
frame rate of 12 fps continuous shooting. the new 
sensor gives an iso range up to 51,200, with up to 
204,800 available in h2 mode, a new 61 point Af 
within six Af point selection modes, together with 
a new “intelligent tracking and recognition” option 
and an exclusive DiGic 4 processor for metering. 
the camera features two new hD video formats 
and 1080 video at 24p (23.976), 25p, or 30p (29.97).  
 usa.canon.com

Subal housings for 
Panasonic GF2 and GF2 
EVIL cameras
subal has announced the release of two new housings for 
the panasonic Gf2 and Gf2 evil cameras. Both housings 
feature the standard subal manufacture techniques and 
surface coatings, as well as the Quicklock closure system. 
the sGf2 and sGf3 also feature access to all camera con-
trols (including flash raise/lower), are backwards compatible 
with all bayonet fitting Subal ports and have a fiber optic 
port for strobe triggering.  Subal.com

Watershot video lights
Watershot has announced new and upgraded stRYKR leD light-
ing products. the new models feature dive and video lights 
heads that range from 900 to 3000 lumens. the stRYKR video 
light heads now come in three varieties: 900, 1800 and 3000 
lumen. they use a separate battery pack, and Watershot offers 
a variety of these packs allowing the option of one or two light 
heads to be powered per battery pack. www.watershot.com

canadian compa-
ny Amphibico have 
announced the release 
of their Genesis line 
of compact prosumer 
hD housings. the initial 
release is for the sony 
fs100u hXcAM hD cam-
corder. the new housing is 
machined from aluminum, 
and features full access to 
camcorder controls, a top 
mounted 3.5” window to 
view the camera’s lcD, a 
bayonet lens port mount-
ing system that accepts 
existing Aquatica ports 
and an option to mount 
an Atomos ninja hD recorder using an optional accessory.  www.amphibico.com

Amphibico new Genesis video housing
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text and photos by Don silcock 
www.indopacificimages.com

Lying undisturbed in the 
deep water just off the 
fringing reef from the 
remote village of Boga 
Boga on the tip of Cape 
Vogel, is what many 
consider to be the best 
aircraft wreck in Papua 
New Guinea and possibly 
the world.
the wreck is the B-17f “Black 
jack”, serial number 41-24521, 
and one of the first flying fortress 
bombers built at the Boeing 
factory in seattle during WWii.

History
the completed plane was 
delivered to the u.s. Army in july 
1942 at a cost of us$314,109 and 
subsequently flown to Australia, 
from where it joined the war in the 
pacific in early september with 
the 43rd Bombardment Group, 
63rd Bombardment squadron in 
port Moresby. 
 the plane was assigned to 
captain Kenneth Mccullar and 
his crew of nine, and served with 
distinction over the next few 
months. it was Mccullar, an avid 
gambler, who gave Black jack its 
moniker from the last two digits of 
its serial number—a jack and an 
ace is a “blackjack hand” of 21 in 
the card game of pontoon.
 captain Mccullar was quite 
a pilot and one who was highly 
regarded and decorated 
for his bravery, but who was 
unfortunately killed in April 
1943 when another B17 he was 
commanding crashed during 
take-off from port Moresby. in 
his obituary, the commander of 
the 5th u.s. Air force commented 
on Mccullar’s bravery and 

leadership skills and said “he was 
a master at the art of sinking 
japanese ships”.
 it was Mccullar at the controls 
of Black jack that developed 
the potentially dangerous, but 
devastating technique of “skip 

bombing” that is credited in his 
sinking of the japanese Kagero 
class destroyer hayashio on the 
night of the 24th november 1942, 
in the huon Gulf.
 that attack left Black jack so 
badly damaged that it was out 

of action for two months and 
when it returned to service it was 
under the control of Mccullar’s 
co-pilot, lt. harry staley who had 
took over from Mccullar when 
he was promoted to squadron 
commander in january 1943.

 Black jack performed equally 
well under staley until he 
completed his tour of duty and 
handed the plane over to it’s 
next, and final, pilot—lt. Ralph De 
loach.

The Final Flight
Black jack’s final flight was on 
10 july 1943 when it left 7-Mile 
Airdrome in port Moresby just 
before midnight on a mission 
to bomb the heavily fortified 
japanese airfields at Rabaul in 

B17 Black Jack Wreck

Black jack’s tail-plane and Archie 
the divemaster from tufi Dive
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new Britain.
 the plane’s course took it 
southeast down the coast 
before it turned northeast 
over the owen stanley Range 
and Dyke Ackland Bay to the 
solomon sea and on to new 
Britain. on reaching Kimbe 
Bay on the north coast, it 
changed course again and 
headed east to Rabaul.
 the flight was a troubled 
one, with both right wing 
engines developing problems 
during the flight to new 
Britain. however, De loach, 
together with his crew of nine, 
managed to reach Rabaul 
and successfully deliver their 
bombs on target.
 De loach turned the 
plane round to return to port 
Moresby, but on the way 
back ran into a violent storm 
on approach to the coast of 
new Guinea to the northwest 
of cape nelson, a situation 
he later described the 
situation as “the blackest of 

black nights…the worst flying 
weather i’d ever seen in my 
life”.
 With two engines badly 
malfunctioning, it was 
impossible to hold the plane 
on course for port Moresby 
and cross the owen stanley’s, 
and so Black jack was turned 
southeast down the coast 
towards Milne Bay. they 
made it as far as cape vogel 
where, with virtually no fuel 
left, the decision was taken 
to ditch the plane on the 
shallow reef that runs parallel 
to the white sand beach at 
Boga Boga.
 never having ditched a 
bomber before, De loach 
handed the controls over to 
his co-pilot, joseph Moore, 
who managed to put the 
plane down but over-shot 
the reef flat. it ended up over 
the deep water, where the 
plane floated briefly before 
sinking down to the sandy 
sea bed some 50m below.

 there was just enough time 
for the ten man crew, three 
of whom had been injured in 
the landing, to get out before 
Black jack sank, and they 
managed to get to shore 
with the aid of local villagers 
who had seen the plane 
come down.
 An Australian coastwatcher 
named eric foster also 
saw the crash landing and 
informed air-sea rescue to 
dispatch an RAAf seaplane 
to evacuate the wounded. 
the rest of the crew were 
rescued two days later when 
a pt boat arrived to take 
them to Goodenough island, 
where they were flown back 
to port Moresby, and then 
given two weeks leave in 
sydney before returning to full 
combat duty.
 the pilot De loach, 
and co-pilot Moore were 

feature Black Jack

subsequently 
awarded silver star 
medals, with some other 
members of the crew 
receiving the Bronze star or 
oak leaf cluster for their 
parts in the overall mission 
and getting the plane down.
 Black jack on the other 
hand lay largely forgotten on 
the sea floor and remained 
undisturbed there for another 
43 years.

Discovery
the discovery of Black jack 
reads like something out of 
an adventure novel, with 
three Australians—Rod pierce, 
Bruce johnson and David 
pennefather—stumbling on 
the wreck almost by accident 
in late December 1986.
 pennefather, an ex-Kiap 
who spent most of his adult 
life in pnG and developed a 

strong interest in 
WWii wrecks, had visited the 
cape vogel area earlier in 
1986 where he heard from 
the villagers of Bogo Boga 
that a plane had crashed 
near their reef in WWii. he 
subsequently organized a 
christmas dive trip with Rod 
pierce and Bruce johnson 
to try and find what they 

the nose and front of Black 
jack shows the full force of 

the plane’s ditching in the sea

Black jack sits proudly on the 
sandy bottom at 50m

Black jack in flight
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believed to be was an 
Australian Beaufort A9. 
 Rod pierce is the owner of 
the Mv Barbarian, a small 
liveaboard dive boat that 
is synonymous with wreck 
diving in papua new Guinea, 
and Bruce johnson was a 
commercial pilot.
 the villagers of Boga Boga 
guided the three divers to the 
general location where the 
plane had gone down, and 
when they entered the water, 
the game plan was to spread 
out and cover as much area 
as possible to try and find it.
 it was Rod pearce who 
found the wreck first, spotting 
the large tail-plane as he 
conducted his search. one 
can only imagine the sheer 
exhilaration he must have 
felt when he first saw the B17 
flying fortress sitting there on the sand in 
almost perfect condition! 
 for someone who has dedicated his 
life to wreck diving, it must have been 

like finding the holy Grail.
 over the next few days, they dived the 
wreck as much as its depth of nearly 50m 
would allow, entering the inside of the 

plane and finding the Radio call plate 
with the 24521 serial number on it, which 
later allowed them to positively identify it 
as the famous Black jack.

 Bruce johnson also managed 
to satisfy his intense desire to 
reach the cockpit, which meant 
finding his way through the dark 
bomb bay and many dangling 
control cables, to become the 
first person in over 40 years to sit 
in the pilot’s chair.

Black Jack documentary
so unique was the discovery 
of Black jack that it led to a 
documentary being made the 
following year by a team of nine 
Australian divers and underwater 
cameramen together with Rod 
pierce, Bruce johnson and David 
pennefather. 
 Making a documentary about 
a plane wreck in a remote 
location in 50m of water is a 

significant undertaking and required 
eight months of detailed planning, major 
logistic support from Rod pearce on Mv 
Barbarian and two teams of divers for 

eight days to get the footage. 
 Australian aviation writer, steve Birdsall, 
provided a very interesting aspect to the 
film, when he managed to locate Ralph 
De loach in Marina del Rey, california, 
usA. De loach had completed his 
service at the end of WWii and returned 
to civilian life where he went on to 
become one of the famous Marlboro 
Men—the advertising icons created by 
the tobacco company phillip Morris to 
sell their Marlboro cigarettes.
 Birdsall arranged for the 69-year-old De 
loach to return to cape vogel where he 
was reunited with some of the villagers 
who had helped get him and his crew 
safely to shore when Black jack was 
ditched in 1943.
 the completed film, Black jack’s last 
Mission, was very successful and was 
shown on television around the world 
and is still available on DvD.

Diving the Black Jack
the really special thing about the Black 

clocKWise fRoM top left: Black jack is remarkably intact sitting in 50m off Boga 
Boga village on cap vogel; view of fuselage and tail plane; cockpit and rear gun



90 X-RAY MAG : 45 : 2011   eDitoRiAl     feAtuRes     tRAvel     neWs     eQuipMent     BooKs     science & ecoloGY     eDucAtion     pRofiles     poRtfolio     clAssifieD

feature Black Jack

jack is the fact that the plane is so intact 
and sitting as she is, on a sandy seabed 
in clear blue waters with visibility that can 
easily reach 40+, it’s almost like diving a 
set from a hollywood movie.
 the nose is badly crumpled from 
the impact of the crash landing and 
the propellers on the four engines are 
somewhat twisted, but the rest of the 
plane is basically all there, which is 
quite remarkable after over 66 years 
underwater.
 Apparently the plane sank within 45 
seconds of coming to a halt, and the 
crew only just had time to scramble out 

with the three wounded 
members. this meant 
that, apart from two 
waist guns and the 
radio transmitters which 
were jettisoned prior to 
ditching, Black jack took 
all its contents with it to 
the sea floor.
 pierce, johnson and 
pennefather found 

machine guns still in their turrets with 
hundreds of rounds of ammunition in 
the tracks to the guns and the twin tail 
guns could still be moved freely in their 
mounts. 
 the other very significant thing 
about the Black jack is that at nearly 
50m depth, she is at the very limits of 
recreational diving, and although it’s a 
straightforward dive in as much as the 
water is clear and there are no major 
hazards or obstructions outside of the 
plane, decompression and bottom time 
are critical to a safe overall experience. 
 two divers are reported to have 

lost their lives diving Black jack since 
it was discovered in 1986, so it has to 
be said that this is a dive only for the 
experienced and competent.
 there is a permanent guideline from 
the shallow reef, which leads divers down 
the slope, and at around 15m, divers will 
be able to see the wreck below. there is 
usually a fairly strong current that sweeps 
along the slope, so the line is good for 
guiding divers and providing a reference 
point—particularly so on the way back. 
 the line goes all the way down quite 
close to the huge tail of the wreck, and 
from there, one should head to the 
front of the plane to take in its full size. 
entry into the plane is possible, but given 
the depth of the wreck, the extreme 
likelihood of nitrogen narcosis and all the 
potential hazards inside, only the most 
foolish would even consider doing that—
just don’t go there. 
 A much safer option is to look inside 
the cockpit, as the windows are open.
 the current is usually strongest out in 
front of the plane and swimming against 

it will increase one’s 
air consumption even 
more, so take great 
caution with air supply 
and retain half a tank 
for the ascent and 
inevitable deco stop on 
the rope.

Operators
●  Tufi Dive Resort (www.
tufidive.com): it is a about a two-hour 
trip across collingwood Bay from cape 
nelson to Boga Boga, and one will need 
good weather to do it, but tufi Dive 
does the Black jack regularly on special 
request. i dived Black jack with tufi Dive, 
and both Glenn and Archie, the dive 
leaders at the resort, know the wreck well 
and how to dive it safely.
●  Rod Pearce (www.niuginidiving.com) 
includes Black jack on his wreck diving 
specials on his boat Mv Barbarian, so 
divers can combine diving the wreck 
with meeting one of the men who 
discovered it!

●  Craig de Wit on Golden Dawn (www.
mvgoldendawn.com) includes Black 
jack as part of the Milne Bay itinerary, 
which the boat does at certain times 
of the year. i first dove Black jack from 
Golden Dawn back in about 2001, and 
de Wit also knows the wreck well and 
how to dive it safely. ■

Don silcock is a dive writer and 
underwater photographer from north 
west england now based in sydney, 
Australia. for more information and 
images, visit: indopacificimages.com

clocWise fRoM left: Boga Boga villagers selling wares; fisherman from Boga Boga village; Boga Boga 
village and its fringing reef; tufi Dive’s dive boat on the beach at Boga Boga village




