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Fish stocks are 
depleted world-
wide. Over fishing, 
pollution and coastal 
development is putting 
the aquatic resources 
under strain. Eco-
friendly tourism battles 
against the need for 
food. Scuba divers 
rage against dynamite 
fishing. The oceans 
struggle to sustain 
human activities. Many 
see fish farming as the 
solution to save the 
fish stocks and keep 
feeding people.

SectionIssuesCritical

Fish contribute a significant 
amount of animal protein to the 
diets of people worldwide. It is 
estimated that between 15 and 
20 percent of all animal proteins 
come from aquatic animals. This 
means that enormous amounts 
of fish have to be taken out of 
the ocean daily. Contrary to most 
of the land animals, which are 
farmed or domesticated animals, 
fisheries 
make 

up the 
largest 

harvest 
from a wild 

food source on the 
planet. 

 So the fish are in 
serious trouble. According to 

the Food and Agriculture Orga-
nization of the United Nations 
(FAO) 47 percent of the world’s 
commercial fish stocks are fully 
exploited, 18 percent are over-

exploited, nine percent are 
depleted and one percent are 
slowly recovering. Only one-
quarter of stocks are considered 
under-exploited or moderately 
exploited.

Industrial fishing
Fish is not only a vital food supply, 
it is also a source of work and 
money for millions of people 
around the globe. In 1996, an 
estimated 30 million people were 
deriving an income from fisheries. 
An overwhelming majority of 
them—some 95 percent—were in 
developing countries. Dwindling 
fish stocks are therefore not only 
depriving many people of their 
daily meal, but also cutting them 
short on income. Many countries 
have turned to aquaculture to 
solve both the problem with lack 
of wild fish, and to create ways to 
giving people job opportunities. 
 
Fish farming
Aquaculture has, can and will 
play an important role in human 
nutrition. Aquaculture is the 

world’s fastest growing source 
of food, outpacing terrestrial 
meat production. Today, nearly 
one-third of the fish we eat is 
not captured in the wild, but 
raised in a fish farm. However, as 
aquaculture gains importance in 
the modern food supply, there 
are growing concerns about the 
damage that it can cause to 
water quality, biodiversity and 
ocean fish stocks.

Environmental concerns
Farming fish is not however 
completely without problems. 
Correcting one problem, like 
substituting the catch of wild 
fish, doesn’t necessarily save the 
oceans. Over the last few years 
the public attention has been 
drawn to aquacultural operations 
that are environmentally 
disruptive, such as the farming 
of salmon and shrimp. Yet, these 
operations account for only a few 
percent of the total output.

World aquaculture is dominated 
by shellfish and by mainly carp in 
China and India, but also catfish 
in the United States and tilapia in 
several countries. In cold water 
countries like Chile, 
Scotland and Norway, 
high-valued species such 
as salmon are mainly 
grown for export. China’s 
and India’s carp produc-
tion is primarily farmed for 
domestic con-
sump-

Fish for all – Or maybe not

HANS-PETTER FJELD

Text by Arnold Weisz

Over the last few years 
the public attention 
has been drawn to 
aquacultural operations 
that are environmentally 
disruptive, such as the 
farming of salmon and 
shrimp.

NOAACatfish

Salmon (Salmo Salar). 
Food for kings. Now 
commonly being 
bred in aquaculture  
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tion. 
 Salmon farming in Norway has 
created two major concerns. 
Pollution in the waters around fish 
farms from heavy concentrations 
of fish faecal, uneaten food, 
and other organic debris. The 
other major concern is runaway 
farmed salmon. There are real 
fears that escaped salmon might 
out-compete the native fish for 
the available habitat, adding 
another threat to wild salmon. 
There is also a concern about 
transmitting contagious disease 
and infestations of parasites, 
from farmed salmon over to wild 
salmon. 

Waste
Shrimp farming in ponds also 
creates large amounts of 
waste and demands large 
amounts of fresh water. When 
that water is flushed from the 
ponds into surrounding coastal 
or river waters in exchange 
for fresh supplies, its heavy 
concentrations of fish faeces, 
uneaten food, and other 

organic debris can lead to 
oxygen depletion and contribute 
to harmful algal blooms. Many 
countries have implemented 
regulations to reduce the harmful 
effects of seafood farming. 
Aquaculture techniques and 
technology do continue to 
improve, but there is still a way to 
go before it can be labelled as 
environmentally friendly.

Fish fed to fish
One great paradox is that some 
aquaculture production also 
puts more pressure on ocean 
fish stocks, rather than relieving 
pressure. Carnivorous species like 
salmon and shrimp depend on 
high-protein feed formulated from 
fishmeal—a blend of sardines, 
anchovies, pilchard and other 
low-value fish. Marine scientists 
and conservationists are therefore 
concerned about the immense 
volumes of wild ocean fish that 
must be caught to feed these 
farmed fish. Some reports even 
suggest that fishmeal resources 

Tilapia. Because of 
their large size, rapid 
growth, and palatability, 
a number of tilapiine 
cichlids are at the focus 
of major aquaculture 
efforts. Like other large 
fish, they are a good 
source of protein and a 
popular target for arti-
sanal and commercial 
fisheries 

Tiger prawn (Penaeus monodon) 
is the most widely cultured prawn 
species in the world, although it 
is gradually losing ground to the 
whiteleg shrimp, Litopenaeus van-
namei. About one million tonnes 
are consumed annually—two-thirds 
of it coming from farming, chiefly in 
south-east Asia

could be depleted by 2030. It is 
therefore vital that a balance 
between the need of marine 
food, can be combined with a 
sustainable harvesting of these 
resources. The depletion of many 
fish stocks around the world 
makes it even more important 
to find environmental friendly 
solutions to fish farming, to feed 
the ever growing population of 
our planet. ■

Shrimp hathery. The total global production of farmed 
shrimp surpasses a value of ten billion U.S. dollars. About 75 
percent of farmed shrimp is produced in Asia, particularly in 
China and Thailand
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EquipmentHot Dog!

Atomic ST1
Choose for the environment?
Many environmental specialists classify stainless 
steel as the “green” metal of the future. It is 100 
percent recyclable. That, and the fact that the 
rather environmentally harmful chrome or nickel 
plating have not been used in the making of the 
regulator, makes the Atomic ST1 first stage 
a green choice. www.atomicaquatics.com

OK 
Shark 
Fin
Just because we are ban-
ning shark fin soup doesn´t 
mean we are banning 
shark fins out of the kitchen 
entirely. This thing may be 
more cool than handy, but 
it does open your bottle and 
it is colourful. It also has a 
magnetic core for a good fit 
on the fridge door.
www.hotflamingo.com

Hot and dry
It looks like a wetsuit, it feels like a wet-
suit, but it is dry and warm like a prop-
er drysuit should be. White is present-
ing their new drysuit technology in the 
Hot Fusion model. It is a two layer suit: 
the first layer is a loose fitting mem-
brane with latex seals and dry zipper, 
and the second oversuit is made from 
a stretch fabric, which allows easy 
movement. But even with all this new 
technology, will it hide the love han-
dles? www.whitesdiving.com

Hang around 
Granted, the middle of the ocean might 

not be the best place to hang around 
for a chat, I mean, there are better 
things to do out there! But there are 
times when dive signs aren’t enough. 
Instructors can make good use of 

a platform like this for a last 
minute briefing, and so 

can marine biolo-
gists and marine 
archeologists, 
and that is just 

for starters. Not to 
mention that it 

is a great place 
from which to hang tired divers and 

extra equipment, like weights. 
www.thediversplatform.com

A 
matter of 

wisdom?
The Wisdom2 from 

Sherwood is their latest 
air integrated computer 

with a large display and 
very large numbers for an 

easy read during the dive. Bar 
graphs on each side of the dis-

play make it easy for the diver to 
monitor the nitrogen and oxygen 

level. The optional quick disconnect 
fitting is a great feature, as are the 

alarms you can choose to set, such as a 
warning when you are getting low on air, 

or when you close in on the no-deco limit. 
www.sherwood.com

Shark Shield 2.0I 
Just read in the paper that shark 
bites are up in Florida. So, for div-
ing in shark populated waters, may 
we suggest this personal shark 
deterrent gizmo designed with 
scuba divers in mind? The 
Shark Shield SCUBA7 creates 
an electronical wave form 
that causes a very unpleas-
ant sensation in the shark’s 
snout. When the shark 
comes near, he will get 
uncontrollable mus-
cular spasms, which 
hopefully is enough 
to make him leave 
the area without snack-
ing. www.sharkshield.com

http://www.sharkshield.com
http://www.sharkshield.com


47 X-RAY MAG : 19 : 2007   EDITORIAL     FEATURES     TRAVEL     NEWS     EQUIPMENT     BOOKS     SCIENCE & ECOLOGY     EDUCATION     PROFILES     PORTFOLIO     CLASSIFIED

Recall
U/W Boom Box

Sound travels well in water. 
With a BoomBox for my ipod,  
I can hang it off my kayak 
when I kayak dive, and 
listen to my entire music 

collection while diving. Or, 
if the sound is as good as 
the Ego people promise, 
I can sound pollute the 
ocean on my day off. I 
love it! Give me one! 
www.lovemyego.com

Bag on 
wheels
Rugged, durable, water 
and stain resistant, this bag 
will carry your gear to your 
next dive destination. The 
structure is reinforced, so 
it will keep its shape and 
protect your belongings. 
The wide compression 
strap around the bag 
keeps it all together, 
and for an easy time at 
the luggage belt, there 
are plenty of grab 
points. Akona.com

Dye Marker
In this waterproof container, 
rated to 330 feet, is a highly 
visible fluorescent dye. When 
lost at sea, the diver can 
release the dye, which will 
be visible from aircraft from over a mile. The dye 
slick lasts for about 30 minutes. However, cur-
rent, wind and waves can affect the pattern of 
the slick, as well as the duration, so a strategic 
release is recommended. The dye is environmen-
tally friendly. www.omsdive.com

Be D-Synchron-ized
 From SeacSub. Features: dive/pre-dive 

settings; a large exhaust valve eases 
exhalation; “safety lock” ensures sta-
bility and perfect functioning of the 
diaphgram; asymmetric lever optimiz-
es the air supply and deep water per-

formance; new ergonomic 
mouthpiece. Available as 
D-SYNCHRO with balanced 
diaphgragm first stage and 

P-SYNCHRO with compen-
sated piston first stage.
www.seacsub.com

Handsfree
A handy dive light holder is 
not only for tech and cave 
divers—leaves your hands 
free to control your dive. The 
hand mount is made out 
of neoprene material and 
attaches with velcro strap.
www.saekodive.com.

Fly in Silence
Sennheiser PXC 300 head-
set combines good noise 
reduction on aircraft with a 
very small case, light weight, 
and reasonable price. The 
headset requires two AAA 
batteries for noise canceling, 
and allows music to pass 
through even when the  
batteries are dead.  
www.sennheiser.com

M&J Engineering is recalling about 1,500 AGA 
swivels for scuba diving masks because of poten-
tial drowning hazard.
    The swivel, which is attached to a diving mask, 
could separate while diving. This will result in a 
sudden loss of the diver’s air supply, causing the 
diver to engage in emergency ascent. This poses 
a risk of decompression sickness due to rapid 
ascent or drowning.
 The products recalled are SW-3000 second 
stage 360-degree swivels for scuba diving masks 
that were manufactured from January 2004 to 
February 2005.              Click here for More info

http://www.lovemyego.com
http://www.omsdive.com
http://www.saekodive.com
http://www.saekodive.com
http://www.sennheiser.com
http://montgomery.injuryboard.com/defective-products/mj-engineering-recalls-swivels-for-scuba-diving-masks.php?googleid=11132
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Edited by 
Peter & Gunild Symes

whales &
dolphins

A baiji—a blind river dolphin—has been 
seen in Yangtze River in east China, just shortly 

after scientists said the animal was likely extinct 
as reported in the previous issue of X-RAY MAG.  

But According to Dr Wang Kexiong of the Institute of 
Hydrobiology of the Chinese Academy of Sciences, a 

“big white animal” was spotted and videotaped in the 
river at Xuba ferry in Tongling, on August 19. Judged from 

its appearance and living environment, the animal in the 
footage was confirmed by the institute to be a white-flag dol-

phin known in Chinese as “baiji”.
  “We are very glad to see baiji still exist in the world. Many peo-

ple believed that the baiji was extinct, and this finding brings us a 

sliver of hope,” said Wang Ding, a leading 
expert on the species from the hydrobiol-
ogy institute of the Chinese Academy 
of Sciences. But he noted that it 
is still quite difficult to protect 
the endangered animal. 
Because few of this spe-
cies still live in the 
Yangtze River, their 
chance of mat-
ing is slim. ■

The magnificent blue whale—
the largest animal ever to 
live on Earth—appears to 
be on the rebound writes 
BBC Online. Scientists 
have collated data show-
ing that the number of 
marine mammals in the 
Southern Hemisphere 
has increased from a 
few hundred to a few 
thousand. Before the 

commercial hunting 

era, there would have been 
hundreds of thousands in the 
oceans. “The abundance is still 
very low; it’s about 2,300 for the 
whole Southern Hemisphere, so 
it’s a tiny fraction of what it used 
to be, but it’s good news they’re 
increasing,” said the IWC’s head 
of science, Greg Donovan. 
Numbers of other large species, 
such as fin whales 
and humpbacks, 
are also rising in 

many parts of the world.
“The most recent data is 
really encouraging,” said the 
IWC’s head of science, Greg 
Donovan. “Blue whales have 
now been increasing by about 
seven to eight percent per year 
for the last ten years at least, for 
which we have good data.” ■

WWF

‘Extinct’ dolphin spotted in Yangtze 

Blue Whales are making a comeback

Florida’s Governor 
Grants Manatees a 
Stay of Execution
Vote Could Downlist 
Manatees from ‘Endangered’ 
to ‘Threatened’
Florida officials have been set to vote on 
a new manatee management plan that 
would, among other actions, change 
the manatee’s status from “endan-
gered” to “threatened,” according to 
the Florida Fish and Wildlife Conservation 
Commission (FWC).
 The conservation group, Defenders 
of Wildlife, warns that downlisting the 
manatee is both premature and based 
on flawed procedures for determining 
what qualifies a species as endangered. 

On September 
12, Florida 
Governor 
Crist asked 
the Florida 
wildlife 
commis-
sioners to 
postpone 
a vote on 
whether to 
change the 
status of the 
manatees 
from endan-
gered to 
threatened.
 In a letter to the com-
mission chairman, the gov-
ernor said the state needs a 
better method to estimate the 
manatee population.
    There were a record 417 mana-
tee deaths in 2006. 
 The governor was also concerned 
that new members of the commission 
do not have enough time to review the 
information and make an informed deci-
sion. ■

Australia: Whale sanctuary decision may be soon
The Australian Federal Court is about to make a ruling regarding 
Japan’s annual whale hunt in Australian Antarctic waters. Animal 
welfare group, Humane Society International, has sought an injunc-
tion against Japanese whaler, Kyodo Senpaku Kaisha Ltd., say-
ing it was responsible for the deaths of about 1260 whales since 
2000 in Australia’s whale sanctuary near Antarctica. The soci-
ety launched the action in October 2004, but in May 2005, 
Justice James Allsop refused it permission to proceed with 
the case, after federal Attorney-General Philip Ruddock 
controversially raised concerns it could spark a dip-
lomatic incident between Australia and Japan. 
However, the Federal Court overturned Justice 
Allsop’s decision, allowing the Humane Society  
to continue with their actions. ■
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whales &
dolphins
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Solomon Islands 
Lifts Ban On 
Dolphin Exports
The Solomon Islands has lifted 
a four-year ban on the trade 
of live dolphins and may 
allow more than 100 to be 
exported each year because 
of demand from tourist resorts 
and marine parks in places 
such as the United Arab 
Emirates.
 “The government sees 
dolphins as a good business 
for local people,” a govern-
ment spokesman, George 
Herming, said. “We’ve had 
interest from some resort 
owners in Dubai and from 
businessmen in other coun-
tries as well.” ■
SOURCE: INTERNATIONAL HERALD TRIBUNE

Virus 
threatens 
Mediterranean 
dolphins
Dozens of dead dolphins 
washing up along the 
Spanish Mediterranean 
coast have alerted envi-
ronmentalists to a virus 
they fear will become 
an epidemic.

The region’s striped dolphins, a 
protected species, are appar-
ently being infected with a 
virus, which has not been iden-
tified and has so far killed sev-
eral dozen animals along the 
coast and may spread, a gov-
ernment report stated, quoting 
environmental experts.
 “We are at the start of an 
epidemic,” said Javier Pantoja, 

a marine conservation official 
at the Spanish Environment 
Ministry.
 Another Environment Ministry 
spokesman confirmed that a 
meeting on the issue would 
be held in September to try to 
coordinate action between 
Spain’s autonomous regions, 
but could not give details of 
the virus and its effects.

The virus is the latest in a 
series of difficulties fac-
ing the Mediterranean 
environment. This sum-
mer, beaches have been 
hit by a plague of jelly-
fish believed by climate 
experts to be due to 
warmer sea temperatures 
as well as over-fishing of 
predators such as tuna. ■
 SOURCE: EL MUNDO NEWSPAPER 

An Historic First: Pilot Whale Observed Eating Giant Squid
Investigators from the Society for Cetacean Study have filmed a whale eating a 
giant squid. Such scenes have never been captured on film before, and they 
were obtained in an area where a deep underwater ravine exists in which 
it is believed the giant squids live and breed. Vidal Martín, president of the 
society, said the observation was made in June when he and a team of 
researchers were watching a group of pilot whales. They were aston-
ished to see one of the animals emerge from the water and appear to 
“jump about”. “We looked hard and saw a tentacle of a squid hang-
ing from its mouth, and there were other pieces of squid stuck to the 
whale’s body. It made a number of brusque movements on its side 
in the water to free the tentacle to eat it—and there we were 
filming and photographing it all.” ■
 
SOURCE: TENERIFE NEWS ONLINE

http://www.girldiver.com
mailto:beroy@telus.net


50 X-RAY MAG : 17 : 2007   EDITORIAL     FEATURES     TRAVEL     NEWS     EQUIPMENT     BOOKS     SCIENCE & ECOLOGY     EDUCATION     PROFILES     PORTFOLIO     CLASSIFIED

science

Editted by
Michael Symes

As we said in our previous issue, 
although you might expect the 

oceans below the surface 
to be a quiet and still place, 
they are far from being so. 

Submerged hydrophones show 
that there is a cacophony of 
sound, which arises from many 
different sources, both natural 
and anthropogenic i.e. made by 
humans. Previously, we looked 
at the sounds made under water 
by the marine mammals, espe-
cially the songs of the Humpback 
whale. Although these songs are 
often very harmonious and pleas-
ant even for humans to listen to, 
there is also a lot of what we con-
sider just plain noise. If we ignore 
the anthropogenic noises such 
as those made by ships and oil-
rigs, and the natural noises made 
by waves and surf, earthquakes, 
calving icebergs, etc, there is still 
a considerable amount of noise, 
which emanates from the aquatic 
invertebrates and fishes.

Text by Michael Symes 
Shrimp images courtesy of 
Southeastern Regional Taxonomic Center Source of the noise

Among the more than 25,000 
species of living fish, it is claimed 
by Dr Rodney Rountree of the 
University of Massachusetts, USA, 
that there are more than 700 
known vocal fish species in the 
world. It is not only in the tropi-
cal waters that these vocal fishes 
are to be found. More than 40 
species exist in the cool waters 
around Cape Cod, for exam-
ple, including the toadfish, sea 
robin and the striped cusk-eel. 
The cusk-eel produces croaking 
sounds of between 500 and 1800 
Hz, and the toadfish, Porichthys 
notatus, produces a humming 
noise at 80 – 100 Hz, which is so 
loud that it can even be heard 
on the shore. Even the male had-
dock, Melanogrammus aeglefi-
nus, advertises for a mate using 
a series of increasingly rapid low 
thumps.
 So, all these fish can be very 
noisy indeed but how do 
they actually produce 
their sounds?

Sound production in fishes
Some fish noises from the 
Croakers (Sciaenidae) are made 
by muscles that stimulate the 
animal’s swim bladder, which 
then amplifies the sound. The 
toadfish, mentioned above, rap-
idly contracts muscles in its swim 
bladder at 100 times per second 
to produce the loud humming. 
Other fish, for example the Grunts 
(Pomadasyidae), grind teeth 
close to their pharynx, the sound 
from which again is amplified by 
the swim bladder.
 The swim bladder or, more 
accurately, the gas bladder, is a 
gas-filled sac located in the dor-
sal region of the fish. It contributes 
to the ability of the fish to control 
its buoyancy, and thus enables it 
to stay at a given depth. It also 
enables it to ascend or descend 
without swimming, and thereby 
conserving energy. Fish like the 
sole, though, who live on the sea 
bed, don’t have swim bladders.

 This ability to function as a 
sound amplifier is 

Fish farting
At night, herrings squeeze bub-
bles out of their swim bladders 
through an anal pore. The 
sounds are distinctly fart-like. 
As they tend to ‘fart’ more in 
the company of others it would 
appear that they play a social 
function! Hm! However, they 
may perhaps use the sounds to 
ward off predators.

yet another example of an organ 
developed by evolutionary forces 
for one purpose, that of efficient 
swimming, becoming available to 
use for another, that of amplifica-
tion of sound. Gas bladders are 
evolutionarily related to lungs.
 Noisy though the fishes and 
aquatic mammals are, it is per-
haps the invertebrates that are 
the greatest noise makers of them 
all. 

The noisy invertebrates
Among the marine invertebrates, 
the crustacea are those that em-
ploy strong sound signals in sev-
eral different ways. We are talking 
here of the crabs, lobsters, shrimp, 

etc. Most marine invertebrates 
produce sound by stridula-
tion i.e. the rubbing together 
of two parts of the body, just 
like grasshoppers do on dry 
land by rubbing their hind legs 

against the leathery forewings. An 
example of this is the spiney lob-
ster, Palinurus elephas, which rubs 
its attennae together to produce 

Subsurface Noise

Snapping Shrimp Sound 
(link to waw-file)

Atlantic croaker, 
Micropogonias 
undulatus. The 
croakers and 
drums character-
istically produce 
a drumming sound by 
vibrating their swim blad-
ders with special muscles

Most marine inverte-
brates produce sound 

by stridulation i.e. the 
rubbing together of 
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The 
snapping shrimp, Alpheus 
heterochaelis. When the 
snapping claw closes, 
water is forced out from be-
tween the two claws, forming 

bubbles filled with low pressure 
water vapour. These bubbles sub-
sequently implode, producing an 
acoustic shock wave

             How the snapping 
shrimp makes itself heard

http://users.tpg.com.au/users/adsl9dhg/Hydro_WAVs/Gadji%20Anchorage%20sounds%20segment1.wav
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a grating sound. Male fiddler 
crabs can also produce sound by 
striking various parts of their body 
with their enlarged claw, with Uca 
rapax producing rapping sounds 
at between 300 Hz and 600 Hz.
 But probably the most noisy one 
of them all is the snapping shrimp, 
which produces sound in a quite 
different, and unique, way.

Snapping shrimp
The snapping shrimp, Alpheus 
heterochaelis, is a member of 
the Alpheidae, a diverse family, 
which is distributed world-wide. 

There are more than 600 species 
within some 38 genera. Snapping 
shrimp are common inhabitants 
of coral reefs and oyster reefs. 
Not only do they inhabit tropical 
and temperate waters they can, 
like Betaeus, also live in cold seas, 
and even in freshwater caves 
(Potomalpheops). The sounds of 
the snapping shrimp can thus be 
heard in many places all over the 
world’s oceans, and is the domi-
nant sound of the background 
noise. Snapping shrimps are ca-
pable of drowning out submarine 
sonar and seriously interfering with 

military and scientific sonar used 
to detect underwater objects. The 
noise is so great that hostile sub-
marines can use colonies of snap-
ping shrimp in which to hide.
 In all species of snapping 
shrimp, both males and females 
have one large “snapper claw” 
used primarily to capture prey. It is 
this claw, which can be up to half 
of the body size, that produces 
the powerful sound. It has to do 
with the extremely high-speed 
closure of the snapper claw, 
which produces cavitation. It is 
not the sound from the two claw 
halves clashing together.

Cavitation
When the snapping claw closes, 
water is forced out from between 
the two claws, and a high speed 
water jet is produced. At 30 ms-1 
(over 100 Km/h) the speed of the 
jet is so great that it more or less 
rips holes in the water, forming 
bubbles filled with low pressure 
water vapour. 
 These bubbles subsequently 
implode, producing an acoustic 
shock wave. This phenomenon 
is called cavitation, and it is 
this which gives the audible 
click or snap 
the duration 
of which is less 
than 1 ms. The 
sounds created are 
in a range of frequen-
cies of anywhere from 10 
to 200 000 hertz and have 
been recorded at levels 
as high as 200 decibels, 
which is extremely 
loud. However, see 
box regarding noise 
measurement un-
der water.
 Towards the 
end of the implo-
sion of the bubbles the 

temperature of the vapour within 
the, now very small, bubbles can 
be up to several thousand K, with 
a pressure of hundreds of atmos-
pheres. Light, known as sonolumi-
nescence, can also be produced. 
 Due to these extreme conditions 
within the small bubbles cavitation 
is, in general, undesirable when it 
occurs in connection with ships, for 
it can cause serious damage to 
their propellers and hulls. It is obvi-
ous, then, that this is a very power-
ful weapon for the shrimp, for the 
cavitation generates acoustic 
pressures that can stun, and even 
kill, crabs, fish and worms.

The decibel
Most people are familiar with 
the concept of the decibel as a 
measure of sound levels under 
normal conditions in air. We sel-
dom appreciate, though, what 
an extremely sensitive organ the 
ear is.

Humans can detect sound 
waves of extremely low intensity. 

The faintest 
intensity that 
can be detect-
ed by the nor-
mal human ear 
is 10-12 Wm-2, 
correspond-
ing to a sound 
which displac-
es air particles 

by 10-11m. This is an incredibly 
small amount. 

In comparison, the radius of 
an atom is typically 10-10m, i.e. 
some ten times bigger. This faint 
sound is called the threshold of 
hearing and is the internationally 
agreed upon reference stand-
ard for sound perception in air. 

The most intense sound, which 
the ear can detect without suf-
fering damage, is about 10  
Wm-2, which is more than a 
billion times greater than the 
threshold value. 

In the description of sound we 
use a logarithmic scale of inten-
sities because the sensitivity of 
the ear is roughly logarithmic. 
Thus, to perceive a sound as 
being twice as loud its intensity 
must be ten times greater.

The intensity level I for a sound 
of intensity I1 given in dB is there-
fore given by the equation:

I = 10 log10(I1/I0) dB

where I0 is the intensity of the 
threshold of hearing, and 10 is 
the conversion factor from bels 
to decibels.

A decibel is approximately the 
smallest change in the volume 
of sound that can be detected 
by the human ear.

Some typical values for intensity 
levels in air are given below:

Threshold of hearing 0 dB
Whisper 20 dB
Normal conversation 60 dB
Threshold of pain 130 dB
Perforation of eardrum 160 dB

For sound under water, a differ-
ent reference standard is used, 
which has consequences for 
the calculation of dB values. It 
would be too detailed to go into 
here, but it can be shown that to 
convert from water into air simply 
subtract 62 dB from the value in 
water. So, 200 dB in water would 
be equivalent to only 138 dB in 
air which, however, is still well 
above the pain threshold. ■

On another ‘note’...

Postcard and T-shirt motif by cartoonist Simon 
Cooke. Check out his hilarious other designs at 
www.thecartoonery.com
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A decibel is approxi-
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change in the volume of 
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ed by the human ear.
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detect sound 
waves of 
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intensity. 

D. FLANNIGAN AND K.S. SUSLICK, UNIVERSITY OF ILLINOIS AT 
URBANA-CHAMPAIGN

Imploding bub-
bles, caught on film 

emitting light—an phe-
nomenon known as 

sonoluminence 

Even the male haddock, 
Melanogrammus aeglefi-
nus, advertises for a mate 
using a series of increas-
ingly rapid low thumps

http://www.thecartoonery.com
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A very useful tool
Although the snapping shrimp is the 
noisiest of them all, contributing to up to 
70 dB to the ambient noise level, other 
crustacea can also use cavitation as a 
tool. An especially interesting example is 
the tiny peacock mantis shrimp, Odonto-
dactylus scyllarus, which uses cavitation 
to help break open snails. It first hits the 
snail with a great force using its front leg, 
and then half a millisecond later cavi-
tation finishes the job. (See S. N. Patek 
and R. L. Caldwell, Extreme impact and 
cavitation forces of a biological ham-
mer: Strike forces of the peacock mantis 
shrimp Odontodactylus scyllarus (2005). 
Journal of Experimental Biology. 208 (19), 
pp 3655-3664)
 Snapping shrimp use both the water 
jet and the powerful noise the bubbles 
make not only to stun prey but also to 
defend territory and communicate with 
other shrimp. The force with which the 
bubbles collapse is so great that prey 
such as worms, fish or crabs are injured 
by the powerful blast. Snapping shrimp 
can also communicate through highly 
sensitive hairs on their claws that can 

sense pressure changes caused by the 
bubbles. 
 Due mostly to the snapping shrimp, 
coral reefs are very noisy places. It has 
been found that this noise, which can 
be heard many kilometres away, helps 
young fish find their way home from out 
in the ocean. Larvae of the cardinal fish 
and the damsel fish, for example, get 
carried out to sea by ocean currents. Af-
ter growing and becoming good swim-
mers they can then head back to the 
reef by following the noise.

Other subsurface noise makers
There are many other marine creatures 
that contribute to the background noise 
of the oceans. Even the charming sea-
horses (genus Hippocampus) rub two 
bones together near the top of their 
heads to give a clicking sound. This be-
haviour is probably some sort of mating 
ritual.
 As exemplified by the mussel Mytilus 
edilus, barnacles and other molluscs can 
produce noise when the byssal threads, 
which attach the mussel to a hard sub-
strate, stretch and break. However, like 

Byssus threads are 
long fine silky filaments 

excreted by several 
mollusks (particularly 

Pinna nobilis) by which 
they attach themselves 

to the sea bed
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Fish are known to call out to poten-
tial mates with low “grunts and 

buzzes”, produced by wob-
bling the swim bladder, 

which is located in the 
abdomen w
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Tailgating the lone dugong, KAT, on Cocos (Keeling) Islands.
Photographed by Karen Willshaw ~ underwater.com.au member

the sounds from many 
other creatures, such as 

the sea urchins, these appear 
to be contingent noises without 

any apparent function either as a tool 
or for communication—although, of 
course, we can never be sure.

Problems with 
anthropogenic noise
Like the ‘cocktail party effect’ where, 
in spite of the great ambient noise from 
other peoples’ conversations, one can 
pick out quite clearly what your neigh-
bour is saying, marine animals can sift 
out the signals that are important to 
them from the background noise. 
 However, the increase of noise pol-
lution is having an effect on aquatic 
creatures. It can disturb their ability to 
find food and also to find a mate; and 

it can also cause stress like that induced 
in humans in an ever increasing noisy 
society. 
 Although this noise pollution arises 
from many different sources much could 
be done to reduce it. The noise from 
the propulsion systems of large tankers, 
could be reduced by using different 
propulsion systems, for example. And 
more care could be taken when de-
veloping and utilising sonar and simi-
lar systems for military purposes. Such 
developments cost money, of course, 
a great deal of money. The question 
is: are we prepared to pay the price to 
preserve the health of one of our most 
important resources—the species living 
in the oceans? 
 One would hope so, but it is difficult to 
be optimistic. ■

http://www.underwater.com.au/
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feature

By
Arnold Weisz

Cold Water Coral Reefs 
Saving the

While We Can
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Over the last few years, cold 
water corals have been discov-
ered all around the world. These 
reefs are often found in deep 
water, which means they are 
inaccessible to all but scientists. 
Cold-water corals, just as their 
warm-water relatives are under 
serious threat. These mysterious 
and generally deeper living than 
their better known warm-water 
cousins in the tropics, are far more 
widespread and numerous than 
had previously been thought. 
 Cold-water coral findings are 
not confined to waters in the 
northern hemisphere off places 
like Canada and Scandinavia, as 
many would think. Scientists have 
found thriving cold-water corals 
in waters off the coasts of more 
than 40 countries including Spain, 
Surinam, Brazil, Angola, Indonesia 
and the Seychelles. 

Man-made threats
It seems odd that corals, which 
usually are found at depths 
between 200 and 1000 metres, 
should be in danger. In contrast 
to the shallow reefs in the tropics, 
deep water reefs are not directly 
threatened by, for example, 
tourism or pollution. The biggest 
threats to these deep cold-water 
reefs are still man-made, as most 
of them show signs of damage 
from heavy deep-sea fishing 
gear. Pipelines and petroleum 
exploration also poses a threat to 
these delicate reefs. As oil prices 
and profits are on the rise, and 
the world gets ever hungrier for 
oil-based products, the search 
for more oil is increasing. This will 
put a further strain on many coral 
reefs, both in cold and tropical 
waters. Warm-water coral reefs 
have a recreational value, too, 
for example, for scuba divers, 

and are often a good source 
of income for poor nations, by 
providing a focus for tourism in 
their area. Cold-water reefs also 
have economical value. They 
are important to fish stocks, and 
therefore, to the fishing industry, 
which makes it self-contradic-
tory to continue with the use of 
destructive gear, for example, 
bottom trawlers. Both warm and 
cold-water coral reefs are impor-
tant feeding grounds for fish, and 
provide habitat for numerous 
marine creatures. 

Protected
Norway was the first country to 
implement protection meas-
ures for cold-water corals in 
European waters. In Norway, 
especially large amounts of the 
cold-water coral Lophelia have 
been detected. The presence of 
coral reefs along the Norwegian 
coastline has been known for 
quite a long time. The existence 
of these deep-water coral reefs 
has been known for centuries 
both by Norwegian fishermen 
and scientists, but it was not until 
recently that the scientists and 
the government became aware 
of how widespread and large the 
reefs were. 
 Some of the cold-water coral 

Different conservation groups have the last couple of 
decades brought our attention to the destruction of 
the world’s tropical coral reefs. These reefs are visited 
by millions of tourists and are the livelihood for many 
more millions of people. However, some of the largest 
coral structures in the world are found in the cold and 
gloomy waters of the deep-sea. These are also under 
increasing threat.

Deep water crab

Scouring marks from trawl on the seabed 

Text by Arnold Weisz
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Closeup of Landsat image showing mud trails from bottom trawling 
off the Louisiana coast
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reefs are huge structures. The 
largest Lophelia reef, which was 
discovered in the North Atlantic, is 
on the Sula Ridge off the coast of 
Norway. This reef is more than 13 
km long, 15 metres high and up 
to 400 metres wide.
 Research on deep-water coral 
reefs by the Institute of Marine 
Research (IMR) in Norway started 
with a pilot project in 1997 to 
test methods for detection and 
mapping of the reefs. They have 
documented that about 30-50 
percent of the Lophelia reefs in 
Norwegian waters have been 
damaged or impacted by trawl-
ing. 
 The rising awareness of the 
necessity to protect the cold-

water reefs has reached inter-
national organizations, and the 
movement has gained momen-
tum. The International Coral Reef 
Initiative (ICRI) arranged its third 
symposium on deep-sea corals in 
December 2005. These ongoing 
scientific missions have shed light 
on the global significance of this 
overlooked ecosystem. The sym-
posium and other gatherings of 
scientists will help foster exchange 
of information and research 
results about the deep-sea cold-
water coral reefs. In addition, the 
UN has engaged in work of pro-
tecting this valuable resource.
 In 2003, the UNEP Coral Reef 
Unit (CRU) established a cold-
water coral reef initiative with the 

governments of Ireland, Norway 
and the UK, and the World 
Wildlife Foundation (WWF).

Slow builders
Cold-water coral reefs are mainly 
found at depths between 200 
and 1,000 metres. But they have 
been located as shallow as 40 
metres, and in great depths as 
deep as 6300 metres. Cold-water 
coral reefs grow slowly, with 
a growth rate of 4–25 mm 
per year, while warm-
water reefs can grow 
up to 150 mm per year. 
Additionally, the 
composition of the 
cold-water reefs 
consists of only a 
very few reef build-
ing species—only about 
six. Warm-water coral reefs 
are, on the other hand, com-

Lophelia 
cold water 

coral from 
deep reefs

Cold water corals grow very slowly 
and are just as vulnerable to environ-
mental impact as their tropical cous-
ins. Human activities, such as trawling 
in the fish-rich reefs, have already left 
their mark and have devastated many 
coral assemblies before scientists have 
had a chance to assess their full distri-
bution and ecological role
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What is cold-water coral?
Cold-water coral reefs are similar to coral 
reefs in tropical seas except that they don’t 
need sunlight to survive and so can live in 
the depths of the North Atlantic Ocean. 
Unlike their tropical relatives that mainly 
rely on microscopic algae in their tissues for 
sustenance, cold-water corals feed by cap-
turing food particles from the surrounding 
water.
 Lophelia pertusa is the most common 
cold-water coral species and is formed by a 
colony of organisms called polyps that pro-
duce a hard carbonate skeleton. It is nor-
mally found at depths of between 200 and 
1000 metres.
 On average the coral structure grows at 
the rate of 1mm in height per year, and the 
highest reefs found so far have been meas-
ured at an impressive 35m at Sula Ridge off 
the Norwegian coast. Reef structures take 
centuries to form and fragments taken from 
the reef at Sula have been dated as being 
8500 years old. ■

SOURCE: ICES 

posed of up to 800 different species. Cold-water corals 
do not possess symbiotic algae as their counterparts do 
that live in the shallow reefs, which are exposed to sun-
light. These corals feed on plankton and other organic 
matter. Even though they are out of reach of the sun, 
the cold and gloomy waters of the deep ocean are not 
void of living creatures. In addition to fish, crustaceans, 
fish, sea urchins and brittle stars also form a part of the 
rich and diverse community, which thrives on cold-water 
coral reefs. ■
SOURCES: UNITED NATIONS ENVIRONMENT PROGRAMME (UNEP), INSTITUTE OF MARINE RESEARCH (IMR), 
NORWEGIAN FISHERIES AUTHORITIES

Global distribution of cold water reefs (as of 2004). The maps shows where reefs have been identified, but the red 
dots do not refer to actual size or stage of development of each reef

N
O

A
A

  /
 M

A
RK

 A
M

EN
D



57 X-RAY MAG : 19 : 2007   EDITORIAL     FEATURES     TRAVEL     NEWS     EQUIPMENT     BOOKS     SCIENCE & ECOLOGY     EDUCATION     PROFILES     PORTFOLIO     CLASSIFIED

David Colvard, M.D. 

Dive Medicine  
& Health

Medical

Most of us have had the 
experience of being on 
a dive boat, or standing 
at water’s edge, with a 
buddy who turns to us at 
the last minute and sug-
gests that we do some-
thing marginally appropri-
ate—photograph each 
other jumping in full scuba 
gear off Oil Slick Leap, or 
going down to the bot-
tom of the reef “just for a 
minute.”

At those moments we are sub-
jected to “peer pressure”, which 
is the social leverage that we 
feel when someone pushes us 
to behave in one direction or 

another. Usually, if we feel a good 
connection and a sense of bal-
ance with the other person (or 
persons) we are able to have our 
judgment override the social pres-
sure—“No, David, I’m not diving 
five hours before we have to fly 
back!” 
 But sometimes, particularly 
when we are feeling a need to 
prove ourselves or need a sense 
of approval, it becomes more 
difficult. Typically, when people 
think of peer pressure, they are 
referring to the influence exerted 
on an individual to engage in 
“anti-social” (BAD!) behaviors. 
Peer pressure is often cited as the 
culprit in smoking, drinking, drug 
use, dangerous sexual behaviors 
and eating fast food. 
 But, there are also “pro-social” 
(GOOD) forms of peer pres-
sure. For instance, good pressure 

includes dive buddies or groups 
who insist on consistent use of pre-
cautionary decompression (safety 
stops), have good reef hygiene, 
and observe good hydration. The 
pressure exerted by the group has 
often made me a safer and more 
ecologically friendly diver than I 
might have otherwise been. 

How should you deal with 
peer pressure to engage 
in risky activity? 
Probably the best advice is to 
dive regularly with a buddy with 
whom you are comfortable, and 
who dives at about your skill level. 
If you are very inexperienced, 
then diving with or near a dive-
master is probably the best idea 
anyway. If you find yourself hav-
ing regular concerns in this area 
(or haven’t yet found a set of 

good dive buddies), taking part in 
professionally organized activities 
is a good idea. Dive profession-
als will insist on things like good 
reef hygiene, safety stops, and 
good dive profiles. If you are a 
woman who has been introduced 
to diving by a male partner who 
frequently presses you to move 
beyond your level of comfort, 
consider finding another partner 
with whom to dive, or suggest 
that your partner dive with anoth-

er aggressive 
diver. 
 Several 
years ago, 
I came to 
Bonaire with 
my wife (who 
had become 
pregnant 
just before 
the trip) and 

Peer Pressure, or 
Disappear Pressure? An online survey done by David 

Colvard, MD, in 2004, found 
that 4 percent of women divers 
(of 413 female divers polled) 
and 2 percent of male divers 
(out of 1415 male divers polled) 
had experienced a negative 
encounter with peer pressure. 
 Most of these experiences 
fit the “Hey, let’s….” category, 
where a buddy (or a group of 
buddies) pressures someone 
into taking part in a dive-relat-
ed activity that was marginal or 
worse. 
 The data suggested that for 
men, the pressure seemed to 
be related to competition. 
 But for women, it was related 
to pressure to accompany their 
dive buddy on an activity that 
the buddy was already com-
fortable with. These last inter-
pretations are largely specula-
tive, but do make sense. ■

“No, David, I’m 
not diving five 
hours before we 
have to fly back!” 

Dive profes-
sionals will 
insist on things 
like good reef 
hygiene, safety 
stops, and good 
dive profiles

another couple. He and I dove 
often and enthusiastically, some-
times by ourselves and sometimes 
with his wife. My wife and I took 
frequent snorkels on that trip (1000 
Steps was her favorite) and every-
one was happy.
 I have another dive buddy 
(who shall remain nameless, 
although his name usually 
appears on this column) who has 
a hard time finding buddies who 
will dive frequently enough to 
satisfy him and whose wife often 
refuses to accompany him when 
he goes on dive trips!
 In reality, peer pressure in diving 
is similar to the effect that most 
people feel about drinking, smok-
ing and eating hamburgers. 
 The final answer is always;  
 “Get better peers.” ■
For more information, please visit 
www.divepsych.com
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