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Hearing
Hearing in fish is not very well understood, 
but seems mostly to be used for simple dis-
tance perception and sound source loca-
tion.  

Taste
Taste buds in fish are mainly located in 
the mouth, but also in the skin cover-
ing the head, body fins, barbels and lips. 
No reponse is obtained when a barbel is 
touched with an inert glass tip, for exam-

ple, but an immediate response is obtained 
when it is touched with a morsel of food. 

Touch
Fish have an fine tactile sense, as is shown, 
for example, by certain catfish who can 
use their barbels almost as humans feel with 
their fingers. 

However, good as some of these senses 
might be, none of them can account 
for even simple phenomena such as the 
detection of the vibrations from footsteps. 
Fish must therefore have at least one other 
sense which enables them to detect low 
frequency vibrations. Such a sense is locat-
ed in their lateral line. 

The lateral line
The lateral-line system is easy to observe 
in most fishes. There is usually only a single 
lateral line on each side of the body, but 
many variants of the typical lateral line may 
occur. For example, on the sides of the 
Belonidae (Needle Fish), the lateral line runs 
very low on the sides. On some species the 
lateral line may be incomplete, or it may 
also be interrupted, meaning that it ends 

and then recommences after a gap, as in 
some of the Labridae (Wrasse) species. And 
in a number of families the lateral line may 
be absent altogether. 
 The lateral line consists of a linear series of 
sensory cells or neuromasts. In many fishes, 
the neuromasts can also extend along the 
fish’s head as well as sides, although these 
are not always as obvious. These neuro-
masts are situated in a mucus-filled canal, 
situated just under the skin, which is in direct 
contact with the surrounding water through 
pores in the skin or scales. The incoming 
stimuli from the neuromasts are fed into a 
nerve parallel to the canal which then feed 
the stimuli to the fish’s central nervous sys-
tem. 
 The neuromasts can be thought of as 
very sensitive hydrodynamic transducers 
that can detect water disturbances. They 
consist of a base of sense cells with sen-
sory hairs (cilia) that project into the canal. 
These hairs are capped with a gel-like cup-
ula. Movement of the mucus in the canal, 
caused by flow of water, makes the cupola 
bend. This in turn causes bending of the 
hairs, which stimulate the sense cells, thus 
generating minute electrical signals which 

science Sixth Sense

▲ The spotted catfish uses its barbels for tactile sensation almost like humans use their fingers 

▲ The Needle Fish has a lateral line 
that runs very low on the sides

► The neon wrasse has a lateral line 
that has gaps along its length
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pass along nerve fibres to the brain.
 There are actually two main types of 
neuromast: canal neuromasts, where the 
water displacements are transferred to 
the canal fluid via pore openings, and 
superficial neuromasts, which are directly 
exposed to the flowing water. In either 
case, when the neuromasts are at rest, 

they send a continuous series of nerve 
impulses to the central nervous system.
 In the case of the canal neuromasts, 
variations in water pressure between 
different pores along the canal cause 
a directional movement of the mucus 
through the canal. When pressure either 
increases or decreases due to a distur-

bance near a fish, the nerve 
impulse pattern changes, the 
fish registers the change, and 
takes appropriate action. In the 
case of the superficial neuro-
masts it is the drag of the water 
past the cupola that causes 
them to bend. The degree of 
this bending is directly related 
to the water velocity, i.e. to the 
velocity of the fish relative to 
the velocity of the water.
 Similar to the human inner ear
For those with some knowledge 
of human anatomy, it will be 
clear that the structure of the 
cupola is homologous to the 
crista ampullaris of the human 
inner ear. Bending of the cupo-
la by water currents and that 
of the crysta ampullaris by dis-

turbance of the endolymph of the semi-
circular canals causes excitation of sen-
sory cells of both organs. Gerard (1936) 
inferred that the inner ear of vertibrates 
has phylogenically derived from a primi-
tive lateral line system. 
 So, the lateral line can be considered 
as a sort of higher hearing sense, react-
ing to certain types of pressure changes 
in the surrounding water, just as the 
human ear reacts to pressure changes in 
the surrounding air. However, while the 
lateral line is a linear system of receivers, 
the ear functions just as a single receiver, 
although covering a range of frequen-
cies. It does improve matters, though, 
that we do have two of them, giving 
stereo-directional hearing.

What can this sense be used for?
The lateral line system obviously greatly 
expands the area of tactile percep-
tion by making it possible for the fish to 
interpret its environment without actually 
touching an object. The lateral-line thus 
helps the fish in a number of ways.

Rheotaxis
Rheotaxis is a behavioural orientation 

to water currents and is one of the most 
important functions of the lateral-line sys-
tem.  
 The term, rheotaxis, comes from the 
Greek root rheos, meaning stream, flow 
or current; and taxis, meaning the move-
ment of a cell or microorganism in a par-
ticular direction in response to an exter-
nal stimulus, from the Greek via the New 
Latin tassein, to place in order.
 Scientists at the University of Auckland, 
New Zealand, have demonstrated that 
some of the receptive cells in the lat-
eral line are particularly well suited to 
provide information on water currents. 
It was found that the canal neuromasts 
are most sensitive to water acceleration 
whereas the superficial neuromasts are 
most sensitive to water velocity. Fish thus 
have one set of receptors designed to 
detect water acceleration and a second 
set to detect water velocity. 
 Rheotaxis is mostly mediated, however, 
by one specific receptor class of cells in 
the lateral line, the superficial neuromats. 
These velocity-sensitive receptors seem 
to enable a fish to sense its orientation 
in relation to stream flow, even in the 
absence of other clues. Facing upstream 

is highly advantageous, for not only does 
it present the most streamlined shape to 
the flow, but it also makes it easier for the 
fish to intercept food items drifting down-
stream.

Detection of food or enemies
Sound passing through water creates 
variations in pressure. The lateral line sys-
tem can thus detect sound, though only 
at a low frequency, such as that arising 
from footsteps, for example. Pressure 
waves are also caused by unseen prey 
such as a struggling insect, or the move-
ments of an injured fish, so they can be 
located – and eaten!
 
Distances from stationary objects
The lateral line can serve as a sonar sys-
tem with which distances from station-
ary objects may be determined. A bow 
wave precedes a swimming fish. This 
wave is reflected from the object back 
to the fish where it is detected by the lat-
eral line system, thus enabling the fish to 
determine the distance to the object.
 
Communication
Typically the lateral line system can 
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▲ Diagram showing lateral line on cod fish
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the Red Sea and the Persian Gulf, where 
rates of evaporation are very high. Low 
salinities occur in polar seas where the 
salt water is diluted by melting ice and 
continued precipitation. Partly land-
locked seas or coastal inlets that receive 
substantial run-off from precipitation fall-
ing on the land also may have low salini-
ties. The Baltic Sea ranges in salinity from 
about 0.5 to 1.5%. The salinity of the Black 
Sea is less than 2.0%. 

Life in and around the 
oceans
The saline environment has quite 
an effect on life in the oceans. 
Most creatures that live in the 
ocean could not live in 
fresh water. However, 
when the highly 
saline waters of the 
ocean meet fresh 
water, an estu-
ary is formed. This 
is a special envi-
ronment where 
some crea-
tures have 
learned to 
adapt to a 
mixture of 
fresh and 
salt water. 
When fresh 
water, 
ground 

water and soils are 
altered by human 
actions and salin-
ity greatly increases, it can 
have an extreme detrimental effect 

the cells as well as ion transport from 
the secretory cells to the cuticle.
 Incidently, apart from their ability to 
survive saline conditions they are also 
interesting in being unique in having 
true plant vivipary. Mangrove species 
reproduce by producing flowers and 
rely on pollination by bees and insects. 
After pollination, the seed remains on 
the parent tree where it germinates 
and grows roots before disloging.

Marine animal life
Due to the salt content, life in the 
oceans is quite different from that 
found in freshwater. However, sea 
water and river water differ in more 
ways than in just their salt content. 
For example, rivers carry to the sea 

more calcium than chloride, 
but the oceans never-

theless contain 

about 46 times more chloride than 
calcium. Also, silica is a significant 
constituent of river water but not of 
sea water. Furthermore, calcium and 
bicarbonate account for nearly 50% 
of the dissolved solids in river water yet 
constitute less than 2 percent of the 
dissolved solids in ocean water. These 
variations seem contrary to what one 
would expect.

Life’s affecting salt composi-
tion
Part of the explanation is the role 
played by marine life, both animals 
and plants, in ocean water’s composi-
tion. Sea water is not simply a solution 
of salts and dissolved gases unaf-
fected by living organisms in the sea. 
Mollusks, for example oysters, clams, 
and mussels, extract calcium from the 
sea to build their shells and skeletons. 

science Crab on a red 
mangrove root off 
Semporna, Borneo 
Plants and animals 
alike. They all have 
to cope with the 
changing salin-
ity and, in some 
places, a constant 
cycle of flooding 
and drying out.

on life there. Changes in salinity brought 
about by human residential, commercial 
and industrial activity can kill plant life, 
aquatic life, and animal life in a given 
area. Humans have the responsibility to 
make sure their actions are not causing 
this type of devastation. 

Mangrove trees
One important example of plant life that 
has adapted to salty conditions is the 
mangrove tree. Mangroves are a unique 
part of the coastal ecosystem, being 
found along tropical seacoasts on both 
sides of the equator. They are thought 
to have originated in the Far East. There 
are several types of mangrove with the 
Galapagos being home to four of them. 

They are interesting because they have 
evolved mechanisms enabling them to 

cope with high salt conditions. 
The Black Mangrove, for 

example, has the 
highest salt toler-
ant leaves of all 
the mangroves, 
with its leaves 
being equipped 
with special salt-

extracting glands. 
Much research 
has been done in 

attempting to eluci-
date how this salt extrac-
tion functions but many 
fundemental questions 

remain. The gland ultrastruc-
ture has been described 

but questions remain 
regarding proc-
esses inside 

Background: Mysids, small crustaceans, 
usually less than 10 millimeter long, that 
swarm over the seabed and are often 
mistaken for juvenile fish. These are from 
the brackish Great Belt, Denmark
Center: Young red mangrove, Florida The Salty Oceans

Do you want to see your 
story in X-Ray Magazine?

X-RAY MAG is always on the lookout 
for hot new talent to showcase. If 
you have a great story and/or under-
water photographs on a unique dive 
location, conservation, marine life or 
ocean topic, send us an inquiry.
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Photography

Text and photos 
by Peter Symes

Is it cheating?  Once the 
conversation touches on 
restoring or manipulat-
ing images it seem to 
on something profound, 
namely our perception 
of reality. Can we trust 
what we see?  Is a given 
image a truthful recording 
of what happened? And 
what is reality anyway if it 
depends on the eye of the 
beholder?

What is real and what has been 
artificially created is a very impor-
tant discussion as photos and vid-
eos are also used as documenta-
tion f.inst. in science and in legal 
matters not to mention something 
as mundane as the passport 
photo. On the other hand, inter-

Manipulation?

photo editing program of which 
some come free with the printer 
or scanner. Nowadays everyone 
can cut and paste images, move 
picture elements around like furni-
ture in a room and paint mother-
in-law green in her face. This is 
already yesterday’s news.

And what a wonderful toy it is. 
So let’s go back to that opening 
question. Is this cheating?  No it is 
not. It is options and possibilities.  
Cheating in this context would 
be withholding from the audi-
ence essential information about 
how this picture came to be and 
claiming something else.  We 
know that a drawing, a painting 
or a collage is an artistic expres-
sion and interpretation but we 
would also like to trust that the 
documentation is not fake and 
that the press photo hasn’t been 
manipulated. 

Likewise with your holiday snap-
shots and underwater photos. 
A pink dolphin with green eyes 
might be a fun picture – if not just 
lack of taste. But don’t claim that 
you saw such a creature on your 

morning dive unless you really 
did have a close encounter 
with a hitherto unknown spe-
cies of the Dolphinus genus 
and are ready to substanti-
ate your claim.  You don’t 
always have to state that 
your image is manipulated, 
however – sometimes it goes 
without saying.

I am a big proponent of im-
age manipulation as it gives 

me so many possibilities to create 
impressions and to make use of 
the whole pallet of options. This 
doesn’t mean that all pictures 
should treated. Sometimes the 
natural picture is best, given or just 
appropriate. It depends on what 
we want to achieve and what we 
want to use the images for. 

I discern between three ”classes” 
or levels of treating images digit-
ally.

1. Repairs and retouche.
2. Enhancements
3. Art

1.Repairs and Retouche
This is a very old discipline, prob-
ably as old photography itself. It 
just got easier, having comput-
ers at our disposal. Repairs and 
retouche is something that you 

Is it

pretations plays a big role too. 
Just think of the caricaturist with 
his canny ability to make a cou-
ple of casual pen strokes who 
everyone then instantly recog-
nise as George Bush or Dalai 
Lama.  So it is also quite obvi-
ously that by employing some 
very simple artistic effects can 
result in recognition and effect 
just by taking advantage of the 
way our brains and eyes deal 
with information.

Artistic license 
We accept artistic expression 
and interpretations and the 
pictorial arts from photography, 
graphics and painting covers the 
whole spectrum from absolute 
realism and documentarism to the 
completely abstract. 
 So what does all this theoretical 
babbling got to do with our holi-
day snapshots and underwater 
footage? A great deal. As digital 

photography is now gradually 
taking over the whole arena, giv-
ing everyone a chance to ..erh.. 
take a shot at shooting pictures 
underwater it has also given eve-
ryone with a computer access 
to toy around with manipulat-
ing images at home using some 

the art of making pictures better
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photography

should always do to pictures you 
want to show others. Every picture 
has some small flaws, which may 
be more or less obvious. For those 
still using film it can be scratches 
on the negative or slide, dust on 
scanning or other physical blem-
ishes. Get rid of them. In old days 
such corrections were done with 
squinting eyes and a neurosur-
geon’s steady hand working with 
a scalpel working directly in the 

emulsion, and 
filling in colour 

directly 
into 

the scratches 
and blemishes so 
they blended into 
the background. 
Doing portrait 
photography 
one would often 
also enhance 
the looks, remov-
ing skin blemishes 
once you were 
at it anyway. And 
what do you know 

– it seems that we are already 
enhancing reality and pretend-
ing it is something else.

Cloning
Removing dust and scratches is 
not bettering reality, however. 
It is repairing the reproduction. 
On the computer we can either 
use a number of software filters, 
or by ”cloning”, which is the 
preferred method, although a 
bit more laborious. By cloning, 

we copy from area of the pic-
ture without blemishes. The 
big picture in the previous 
pages is the original scan-
ning of our sample picture. 
There is a lot of dust on it. On 

fig 2 and 3 are shown how 
the Rubberstamp is 
used – this is a tool in 
many software pack-
ages – by which col-
our is transferred from 

one area to another. 
In this case to overlap 

the dust particles. The main 

issue with this technique is finding 
the right area (colour) to clone 
from, so the end result doesn’t 
stand out as a dark or light spot. 
 ”Remove dust & scratches” 
filters does come with many of 
the image-editing software pack-
ages, which offer a temptingly 
quick click-a-button solution to 
the problem. But there are no 
such thing as free lunch here 
either – these filters are not intel-
ligent enough and will also soften 
and blur every other fine line and 
structure in the image. As always, 
it is the good old fashioned 
manual methods which give opti-
mal control and hence the best 
results. It does, however, takes 
longer time but if the picture is 
going to be used in some kind of 
presentation the extra effort is just 
something that goes with it.  

How to...
Use the inbuilt magnifier function 
so you can see all the details and 
scroll through the image in a grid 
patters, and remove dust and 
scratches. The bane of all under-
water photographers, backscat-
ter and sand particles, can also 
be removed or reduced this way. 

2. Enhancements
Moving into the transition zone. 
From our basic scuba training 
we know that we lose colour 
with depth and consequently 
the resulting pictures often look 
flat and monotonous – unless 

Fig 2 and 3. Using the 
Rubberstamp tool to 
blot out blemishes

Figure 4 - The original is dull and grey Figure 6 - Gently touched up imageFigure 5 - mask

Figure 7 Channels (Red, Green and Blue) 
and a mask in Photoshop. Think of these 

as a stack of slides that can be com-
bined and coupled in various ways

we bring a light source of 
our own, such as a flash. 
We often also experience 
a haze stemming from particles 
in the water. In these instances 
a little toning up may be called 
for. Figures 4 and 6 shows the 
basic idea.  On fig 4 we have the 
original scanning  - and yeah, it 
is rather dull – and on fig 6 have 
touched the wee goatfish up 
to match my memory of the 
encounter.

What did I do here?  
First, as always, dust etc has been 
removed to clean up the image 
as describe above.  Then I subdi-
vided the image into three parts I 
treated differently. The three parts 
in question is the body of the fish, 
the eye and the background. 
To treat these areas seperately 
we have to mask them off – like 
when we spray paint something, 
see figure 5. In your image-editing 
software there is various functions 
to create such masks. Their func-
tion is to delimit whatever controls 
and filters to a selected area of 
the image. Tracing the contour of 
the area with the mouse I outline 
the mask and save it as separate 
image layer  
 I first made a little mask for the 
eye (not shown). It is important 
that the eye stands out clearly 
and sharply. Cloudy areas in the 
iris was blotted out, the contrast 
enhanced and the lens made 
darker by reducing the mid 

tones. This created a clear gaze. 
Activating the mask shown in fig 
5 I then started working on the 
body. The yellows and reds were 
strengthened and the mid tones 
enhanced to produce better sat-
uration of the most important col-
ours. Inverting the mask to work-
ing on the background, by con-
trast, the blues and greens were 
enhanced to create depth and 
pull out the difference between 
the fish and the background. It is 
important to apply these adjust-
ments very conservatively. A little 
too much and the whole sce-
nario will look artificial – like old 
Technicolour movies

Finally, the whole image was 
artificially sharpened by apply-
ing the strangely named function 
”unsharp mask”. Obviously we 
can’t really make picture sharper 
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photography

but we can create an effectful 
illusion by enhancing contrast 
along lines and edges, which 
makes the image stand out 
more crsiply. Needless to say this 
is also something that can be 
overdone, and the filter needs 
to be applied gently.

3. Art
The category where everything 
goes. Let’s continue with our 
black and white photograph. 
On fig 8, the picture has been 

cropped a bit to improve the 
composition, by getting rid of 
a lot of empty water. But let us 
also take the fun a step further 
by applying some colours. One 
of my favourite techniques is to 
recreate the ambience from 
the early hand coloured paper 
prints. Taste is, needless to say, 
a subjective matter, so just 
take this as but one example of 
what is possible. As with many 
other techniques it has taken a 
while to hone, so the key is toe 

perform your own experiments 
and take inspiration from other 
sources.
 First, the image is converted 
from greyscale to RGB colour.  
This doesn’t make the picture 
a colour image to look at, but 
out of the one original greyscale 
channel, it creates three identi-
cal colour channels (“colour 
layers”)—one for the Red, Green 
and Blue composite of a (RGB) 
colour picture. So far, each one 
is identical to the original grey 

one but once we start mak-
ing them differ the composite 
image also changes.  See figure 
7 for how the three channels 
look - the resulting composite 
picture on the top makes up the 
image.

The trick
The trick is not to work in the 
composite image – as we usu-
ally do with our image-editors 
– but in the individual colour 
channels. By darkening or light-

ening areas in a colour channel, 
for example an object in the 
image, it changes colour in the 
composite image. That is how 
the colours on image 9 appear. 
The tools we use for this are  
dodge, burn and sponge. See 
figure 13 and 14)

Select an appropriate diameter 
for the tool and start carefully 
dabbing the area or object you 
wish to colour. Applying dodge, 
burn and sponge will respective-

Figure 8. First, we crop

Figure 9 - then we colour the details, by   
dodging or burning in the colour channels

Figure 10 - tinting the background bluish 
by gently applying the filter Variations

Figure 11 - adding effect filters (lens flare 
etc) and touching up details.

Figure 12 - A final crop-
ping and Hey presto!

Figure 13. The 
Photoshop tool bar 
with the three tools in 
question

Figure 14. The 
burn toll with 
which we 
dab areas in 
the individual 
channels 
to produce the 
above effects

Figure 15a. Greyscale Figure 15b +c. Histograms

Why not use Auto 
Contrast Auto Colour 
and Auto Levels? 

Why bother correcting images 
manually when there are a 
number of automated functions 
that seems to do the trick?
Because they often degrade 
the image in the proces. Below is 
greyscale. It is actually 

not the entirely smooth gradual 
transition it looks like but 256 tones 
of grey. A greyscale image is 
represented by 256 tones and 
a (RGB) colour image is likewise 
composed of 256*256*256  - once 
for each colour giving ~1,7 million 
possible colour combinations. In 
a way, in Photoshopm a picture is 
nothing but a huge table in which 
each pixel is represented by these 
256*256*256 values.

The histogram
A histogram (see figure 15b) shows 
which values are represented in 
the greyscale image or, in the case 
of colour images, which values are 
reprented in the Red, Green and 
Blue channels respectively. 
 Now, on a picture that is cor-
rectly exposed or scanned, most 
values should be represented 
along the scale, the values to 

the left arethe shadows and those 
on the right are the highlights. If 
the values are missing at the end 
it means that either the motif lacks 
shadows and/or highlights - or, 
more commonly, the reproduction 
does and it looks dull.  What the 

Auto levels or Auto contrast func-
tion do is just to stretch the histo-
gram. Thereby all the values shift 
in a somewhat degrading process 
that does not ad any new info to 
the image. The result is the charac-
teristic jagged histogram below.  ►
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ly lighten, darken or weaken the 
colour. Experiment! If you activate 
the little eye symbol at the com-
posite channel you can follow 
the overall result while working in 
just one channel.  Find another 
object, choose another channel 
and another tool and see what 
happens then. By applying this 
dabbing technique I turned the 
black and white picture on fig 8 
into fig 9.  So far, so good. But isn’t 
the background a little dull too?

Doing the background
To get to figure 10, I darkened the 
lower left corner by enhancing 
the midtones here but only in the 
blue channel whereby the overall 
ambience turned more blue and 
sealike. On figure 11, I applied 
the “lens flare” filter to enhance 
the diver’s torch. And finally, to 
get to the end result in figure 12, I 
cropped some more of the top to 
get rid of some light water. Voila!

The motif, by the way, is the 
wreck on Brothers Island (Red 
Sea) taken on Agfa Scala 200, 
the black and white slide film.

And the conclusion is...
Image manipulation is definitively 
ok—as long as we honestly de-
clared that we have done so and 
are not deceptive.  It can often 
make an image much more excit-
ing, though chasing effects for 
effects own sake is meaningless. 
Do it with a purpose. Use effects 
and style to convey a certain 
interpretation of reality. In essence 
say “try and look at this sitation, 
subject or scenario this way”. Think 
of what Vincent van Gogh did. His 
images are not realistic in a pho-
tographic-naturalistic sense. But 
what a punch they pack!

Figure 16. RGB colours revealed. 
This is a close-up photo of a com-

puter monitor. See how every 
colour is blend of Red, Green and 

Blue pixels lighting up at various 
intensities (256 for each colour)

 
(By the way, the blue bar, under 
figure 15c shows that this histogram 
represents the Blue channel in a 
colour image)

What to use instead 
There are a number of options 
available, which all have that in 
common that they enhance what 
is already there or ad something. 

One good tool is Curves which an 
be used to enhanced the spectrum 
in selected areas, yet in a smooth 
way. This method in non-destructive 
and, in principle, reversible.

Another good, and easy, tool to 
experiment with is Variations which 
tint the whole image gently—see 
the transition from figure 9 to 10.

Figure 15e. A “healthy” histogram 
showing values across almost of 
the greyscale, typical of a correctly 
exposed picture of most “real-life” 
subjects. 

Figure 15d.  The Curves menu. Drag 
the curve in the middle and see 
how certain parts of your image 
gets stronger or attenuated 

http://www.ulcs.com
http://www.aquaimaging.co.uk
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During the first years of 
World War II Italian 
frogmen demon-
strated to the world 
how effective a 
weapon a frogman 
could be. Hidden 
by the water, these 
frogmen mined the 
Allies’ ships as they 
were moored ‘safely’ 
in their own waters. 

Even with quite small numbers, and using 
relatively small resources, the frogmen were 
a very powerful force. The English, especially, 
were quick to copy the equipment and train 
their own frogmen, and after the war many 
nations supplemented their armed forces with 
frogmen units.
 The idea of such a weapon arose in World 
War I, when experiments were carried out us-
ing different vessels to carry mines into the Aus-
tro-Hungarian naval base in Pola. The weapon 
was developed during the inter-war years 

1915 
While the war was raging on the battlefields 
of Europe, and submarines were terrorising the 
ships on the high seas, the Austro-Hungarian 
fleet and Italian fleet lay mostly well protected 

in their harbours, sur-
rounded by mine-fields 
and anti-submarine 
nets. This passivity was, 
in the main, due to the 
ongoing submarine war. 
 In 1915, after Italy 
had severed its connec-
tions with its German and 
Austrian allies, and joined 
the English-French Alliance, 
Italian naval officers had 
thought long and hard about 

how the Austro-Hungarian fleet 
could be attacked in the harbour. 

The first attempt, carried out from 
Venice, was made by the Italian naval 
captain Pellegrine, who, with three other 
crew members in a motor-boat, tried to 
attack the Austro-Hungarian fleet in Pola. 
 Pellegine’s boat Grillo was equipped 
with caterpillar tracks which enabled it 
to crawl up over the various barriers in 
Pola. Two torpedoes, which hung on the 
side of the boat, were to be sent against 
the ships in the harbour. Pellegrine’s 
attempt failed because the boat was 
discovered as it was forc-
ing a barrier. 
 Pellegrine and his 
crew spent the 
rest of the war in 
captivity.

The First Frogmen 
By Sven Erik Jørgensen  - The Danish Society of Diving History 

“Viribius Unitis”  An Austro-
Hungarian battleship sunk by 
frogmen during WW1. Old 
Postcard, unknown source. 

Two attack divers astride a SLC 
- Siluro a Lenta Corsa (slowlly 
moving torpedo)

Viribus Unitis siinking after 
being mined by divers
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Targetting Pola
The desire to hit the Austro-Hungarian 
fleet in Pola was, however, undimin-
ished, and much thought was put into 
possible solutions. Naval-lieutenant 
Raffaele Paolucci worked out a plan in 

1918 whereby he was to be 
transported by motorboat to 
about a sea-mile out of Pola. 
From here he would swim into 
the harbour towing a mine. 
 Under one of the battleships 
he would tie a four meter-long 
rope to the mine and thereaf-
ter sink it by letting the air out 
of its two floatation tanks. The 
other end of the rope was to 
be fixed to the hull of the ship. 
 The mine, which contained 
about 100 kg of TNT, had an 
automatic timer, and would 
explode in about 4 meters of 
water close to the side of the 
ship. As soon as the mine was 
activated Paolucci would 

swim out of the harbour towards the 
outer breakwater and wait for the explo-
sion. He would then swim out to sea and, 
with his back to the enemy, signal to the 
motorboat to pick him up. 

Mignatta
After months of nocturnal swimming near 
Venice, towing a mock-up of the mine, 
he abandoned the project.

 Simultaneously with 
the efforts of Paolucci, 
Italian engineer and 
naval officer Raffaele 
Rossetti was working 
on a modified com-

pressed-air torpedo, named Mignatta, 
which, half-submerged, would carry him 
and another crew member into Pola. The 
men, in diving suits, would sit astride the 
torpedo and steer it into the harbour and 
thereafter over to one of the battleships. 
Two mines, each of 170 kg TNT, were 
fixed to the head of the torpedo. The 
mines were to be hung in a 4 meter-long 
rope under one of the battleships. Rosetti 
had constructed a powerful magnet 
which should keep the rope fixed to the 
side of the ship. 

Captain Constanzo 
Ciano had been 
watching the efforts 
of the two men, and 
asked them to cooper-
ate with him in com-
pleting the project with 
Mignatta. This coop-
eration soon proved to 
be effective, and after 
several tests and modi-
fications Mignatta was 

ready for action. Two models of Mignatta 
were built, S1 and S2.

Now or never
However, in October 1918, an armistice 
was in the offing, and it was obvious 
that it was now or never if the Mignatta 
was to see action. In the evening of 31 
October, 1918, a motortorpedo boat 
from Venice set sail for Pola. On board 
were Paolucci and Rossetti and, on the 
deck, the S2 and a motorboat which 
would carry the two men and the 

Mignatta close in to Pola. At 22.13 the S2 
was released from the motorboat and 
sailed in to Pola, which was reached at 
02.00 on 1 November, 1918. In the har-
bour the two men passed three anti-sub-
marine nets by pulling the S2 over them. 
 Once inside the harbour they steered 
in between two illuminated battleships 
and directly towards the 21000 ton bat-
tleship Viribus Unitis. They fixed one of 
the mines and then rapidly sailed away 
– leaving a trail of silvery bubbles. 
 On their course away from the battle-
ship they were discovered, but before 
being taken prisoner they had managed 
to arm the second mine, and then left 
the Mignatta to its own devices. It wan-
dered around in the harbour, and when 
the compressed-air was exhausted it 
finally came to rest against one of the 
ships. 

War’s over - well almost
That they were not discovered before 
was due to the fact that it was a day 

Naval-lieutenant 
Raffaele Paolucci

Limpret mine being fixed to 
the bottom of a vessel

Mignatta, a 
compressed 

air minisub 
for carrying 

divers

Pellegine’s boat Grillo was equipped with caterpillar tracks which ena-
bled it to crawl up over the various barriers in Pola

Pola, or Pula, lies 
at the tip of the 

peninsula of Istria, 
now in Croatia, 

at the top of the 
Adriatic sea

Sideview of 
the Mignatta
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Text and Photos by Michael Portelly

Twentyfive years ago I made a film called 
the Ocean’s Daughter, that tried, in my own 
small way, to add a voice to the growing 
calls to protect out planetary future. It was 
a film that tried to express the sacredness of 
life and the magical beauty of nature and 
the fact that we, as humans, were in danger 
of destroying ourselves, before we had the 
chance to evolve into mature adulthood as 
a species. 
 It would be tragic indeed, if future genera-

tions were forced to live under inhospitable 
planetary conditions and never witness the 
wonders of nature we have experienced, 
except by watching the films from our era. 
They would be like the visual fossil record of 
what once was but is forever gone.
 If we look at the big picture, all across 
the world, development and environmen-
tal organizations are underfunded. In a 
world where on the same day we celebrate 
record highs in the stock market, 40,000 chil-

Michael Portelly

I have been an underwater 
photographer and filmmaker 
for more than 25 years. I share 
the grave concerns of many 
who fear that our generation 
will bequeath future genera-
tions the legacy of a planet, 
poisoned and stripped of its 
assets and its beauty.

Journey Beneath a Coral Sea

Deep Ocean
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dren die from hunger, at a time 
when governments do not have 
the resources to meet the urgent 
needs in their own country much 
less the rest of the world. Species 
extinction is reaching epidemic 
proportions as ecosystems are rap-
idly disappearing from insensitive 
development and pollution. We 
are caught in the clutches of an 
economic system that operates 
beyond the control of even the 
president of the United States, and 
is at the present time crushing life 
from us and from this planet.
 I once looked out at the world 
with despair, until one day, quite 
by chance I woke up to an idea 
that makes it financially viable for 

business to help fund solutions to 
global problems, in a way that will 
reward their investors, increase their 
profit and liberate new resources 
for the task of global regeneration. 
As one who has made a living from 
the ocean, I feel a deep sense of 
responsibility to do everything I can 
to make a difference. Though the 
hour is late, there is still time for us 
to turn things around.
 In Antibes, three years ago, I 
voiced an idea to marine archi-
tect Jacques Rougerie and Andre 
Laban, the famous diving legend, 
about an idea that could really 
make a difference. 
 It is called the Blu Revolution and 
is designed to breath life back into 

Michael Portelly

Womb of the World

Dreamscape
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the ocean, create new habitats, and revitalize 
fishing communities around the globe, in an 
attempt to preserve our ocean heritage and 
restore it as a source of food to feed the hun-
gry.
 As things stand, many fish species are 
becoming toxic with pollutants, fish stocks are 
declining from overfishing and destructive 
industrial fishing techniques, and across the 
planet spawning grounds and habitats are 
being destroyed by trawl nets. This is turning 
the ecosystems on the continental shelf into a 
desert. 
 Imagine the public response if the United 
Nations, or other such body, guided by a sci-
entific council, were to initiate a global pro-
gram to restore life to the ocean; Imagine that 
we were to construct artificial reefs in suitable 

materials that could provide work for idle fish-
ing fleets, and create a new global industry 
designed to reverse the destruction and pro-
vide a haven for wildlife to flourish.
 Imagine business leaders got involved as 
they realized that to do so would be reward-
ed with public recognition, respect and an 
increase in profit.
 Imagine too, that plastic manufacturers were 
to recognize that they could take responsibil-
ity for their plastic, at present is either buried in 
rapidly filling landfill sites or being burned, and 
instead recycle it in an exciting and life-creat-
ing way.
 Plastic manufacturers could work alongside 
marine architects to develop the technology 
to convert waste plastic into nontoxic re-mold-
able forms. These could be created as large 

structures of great intrinsic 
beauty that would soon 
become covered in marine 
life, and the nonbiode-
gradable quality of the 
plastic would become an 
asset. It could support the 
habitat indefinitely, instead 
of rusting away as ships do 
when they are sunk for the 
same purpose.
 It would mobilize fishing 
fleets and breathe new life 
into fishing communities 
around the world, as they 
set to the task of restoring 
the ecosystems of the con-
tinental shelf, where  each 
year an area the size of the 
United States is destroyed 
by trawl nets dragging 
the bottom, crushing the 
marine habitat.
 It the creation of floating 
architecture might even 
augur a new epoch of 
oceanic exploration where 

Ocean’s Daughter

Place of the Great Secret
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the concerns raised by Jacques 
Yves Cousteau are finally addressed 
and the visions of great men, like 
Commander Phillippe Taillez’s 
Archipelago, become a reality. 
 For this to occur, a new level of 
international cooperation will have 
to be forged, where people set 
aside their differences and work 
together for the common good. I 
know that across all nations of the 
world, divers are united by their love 
of life and the ocean. They work in 
corporations and government and 
come from every walk of life. It is 
to them that I now speak because 
they have within them the power to 
make a positive difference for the 

benefit of everybody.
 I ask you to go to www.
BluRevolution.com and hear about 
The Genesis Project in a talk I gave 
at the open university in the United 
Kingdom. I ask you to listen to the 
idea with an open mind.
 This strategy makes it viable for 
companies to save lives, protect 
nature, initiate necessary technology 
to end pollution and cancel their 
carbon dioxide debt to the world. 
The Genesis Project involves fund-
ing global reforestation or preserving 
huge tracts of rainforest to prevent it 
being cut down.  I am informed that 
90% of the coral reefs are dying from 
rising sea temperatures. This strategy 

can at least slow that process down 
and give us all a chance to breathe 
again. It can create the space for 
a coordinated global effort that will 
bring us all closer together as we 
heal this world before we destroy it 
and ourselves along with it.
 Research shows that people will 
support companies willing to help 
the world when they witness the 
good that is being achieved. The 
involvement of business leaders will 
help focus political will where it is 
needed. Perhaps we might even dis-
cover that we need a new concept 
for what constitutes global security 
in the 21st century, in the form of a 
world that works together for the 

common good, and the concept of 
the family of Man can then become 
a practical working reality.
 If you agree with what is said 
please share The Genesis Project 
and the Blu Revolution with every-
one you know, so that a focussed 
dialogue can finally be opened that 
will result in the implementation of 
the necessary remedial measures 
before we go past the point of no 
return. Once that point is reached it 
is over!  
 Portelly will be honoured at this 
year’s Festival of Underwater Images 
in Antibes, France, to mark 25 years 
since his ground-breaking film hit the 
silver screen. ■

Michael Portelly

Samantha Sacred Pool

http://www.BluRevolution.com
http://www.BluRevolution.com
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