
 

 

 

 

 

 

FAU Institutional Repository 

http://purl.fcla.edu/fau/fauir 

This was submitted by the faculty of FAU’s Harbor Branch Oceanographic Institute. 
 
 
 
 
 
 

Notice: © 1998 Edith Widder. This manuscript is an author version with the final publication available 

and may be cited as: Widder, E. (2003). The bioluminescence coloring book 2nd edition. Ft. Pierce, FL: 

Harbor Branch Oceanographic Institution. 

 

 

 

 

 

 

 

 

 

http://purl.fcla.edu/fau/fauir
http://www.fau.edu/hboi/




The Bioluminescence Coloring Book 

Edith Widder, Ph.D. 

Published by: 

Harbor Branch Oceanographic Institution Inc. 

With special thanks to: 

Vera Ames Widder, Ph.D. ~ 
Joyce and J. Seward Johnson, Jr. 1 

Stephen and Alexandra Nason ~ 

The John M. Hopwood Charitable Trust ~ 
Edith Rowles Simpson, Ed.D., O.C. ~ 

-~~~~~~~~~~~~--JI 
First printing 1998 

Second edition 2003 (revised ) 
© 1998 by Edith Widder, Ph.D. 

ISBN 0-9659686-6-9 

Illustrations copyright © 1998 Charissa Baker 
Edited by David Smith 

In Loving Memory of Connie Smith 

All rights reserved. No portion of this material may be reproduced for 
commercial use without the express written consent of the publisher. 

To order copies of this publication please contact 
Harbor Branch Gift Shop 

5600 U .S. 1 North, Fort Pierce, Florida, 34946. 
Tel: (772) 465 -2400 x 692 

or visit our website at www.hboi.edu 





Yellow 

Green 

Green 

~ .. ... 
Green (along sides) 

Fireflies are the best known of 
all bioluminescent animals. 
Also known as lightning bugs, 
fireflies are not flies. They are 
beetles. 

Some mushrooms glow to attract 
insects. The insects carry the 
mushroom's spores to new 
locations where the spores can 
grow into new mushrooms. 

This Malaysian land snail from 
Southeast Asia has a reddish-brown 
shell and a creamy white body. 
Greenish-yellow bioluminescence 
comes from a light organ on the 
underside of its body. 

Railroad worms, which are found 
in Central and South America, are 
actually larval beetles. Their name 
comes from tl1e remarkable color of 
their bioluminescence, which 
consists of glowing red headlights 
and greenish-yellow "window" lights 
on each body segment. 

The only other land animals that are bioluminescent are a few earthworms, 
millipedes, centipedes and ne1natodes. 

There are so many different kinds of animals in the ocean 
that are bioluminescent that it is impossible to list them 
all here. These are just a few examples. 

Most marine biolununescence is blue or blue-green. Paint all of the dot- ;-_,.,.,.,. ,.," 
ted areas on these animals blue. For the areas where blue-green is indi-
cated, paint over the blue with the green paint. 

Blue 

plants 
growing 
out of the 
bottom of 

the ocean, they are 
actually animals 
that feed on tiny 

plants and anin1als in 
~ the water. 

:l • Blue-green 
~~·l Looking just like a deep-sea flower, 
~ this sea pen, which is almost 60 em 
~~ tall , produces blue-green 
~1 bioluminescence from its stalk and 

.:: blue bioluminescence from its 
i.lPotyps or "flower". 

~~:) Blue -green 
W} This sea pen, which looks like 
\::::J a large pink feather stuck in the 
v1· sand, produces waves of 
( blue-gr~en bioluminescenc.e 

1
.. that twinkle up and down 1ts 

plume. 

0 

Not a true 
squid but 

a distant 
cousin of 
squid and 
octopus, the 
animal 

vampire squid is a rich brownish
black color and is covered with 
bioluminescent organs. It is 
approximately 
15 em long. 

he netdevil 
anglerfish is a 

scaleless black fish 
with a light organ, called an 

esca, that hangs in front of its 
mouth to attract smaller animals 
that it can devour for its dinner. 
It also has a light organ that 
dangles from its chin. What the 
fish uses this chin barbel for is 
still a mystery. Although this 
angler:fish looks like a scary mon
ster, it is only about l 0 em long. 
In the deep sea, where food is 
scarce, many animals are small. 

The blackdragon fish has a 
slender black body that is more 
than 30 em long and is covered 
with light organs. It also has an 
elaborate light organ at the end of 
its chin barbel. 

Small and transparent, arrow 
worms are common in the open 
ocean. Although they are usually 
less than 5 em long, they are 
sometimes called the "tigers of 
the plankton," because of the 
way they dart about devouring 
creatures bigger than themselves. 
Most arrow worms aren't biolu
minescent, but this one is. It lives 
in the deep sea and it can release 
clouds of bioluminescence from 
its fins. 





Although they are often too small to see without a microscope, plankton are a 
very important part of life in the ocean. Tiny plants, known as phytoplankton, 
collect energy from the sun and convert it into food. Tiny animals, known as 
zooplankton, eat the phytoplankton. These tiny creatures are eaten by larger 
creatures. In thls way life in the ocean is sustained by the energy from the sun. 

Some plankton can convert the energy from the sun or from the food they eat 
into bioluminescent chemicals. 

These planktonic creatures usually make light only if they are disturbed. 
The flash of light they produce helps to scare away animals that 
try to eat them. 

The copepods release little clouds 
of light into the water. Cope pods 
are so common in the world's 
oceans that they are like the insects 
of the sea. Not all copepods are 
bioluminescent, but many are. This 
is just one of the many 
bioluminescent copepods. It can 
release clouds of bioluminescence 
into the water from pores on its 
tail as well as on its head. 

Metridia lucens 
··:: ~. :::: .. :·>. : :. Paint all of the dotted areas on these two pages with the blue paint. 

N octiluca scintillans 

Pyrocystis fusiformis 

Many of the flashes of light seen in the 
ocean at night are from dinoflagellates. 
These are microscopic single-celled 
creatures. Some are plant-like, which means 
they get their energy from the sun, while 
others are animal-like, which means they get 

Protoperidinium their energy by eating other microscopic 
oceantcum r.f::8::@~;?:~d=~\ creatures. Not all dinoflagellates use 

J~~~~~ bioluminescence. Some of those that do are 
~ ) pictured here along with their scientific 

Ceratium fusus 

names. All living creatures are given a 
scientific name that consists of two words. 
Often these words are Latin, which is used 
as a universal scientific language in order to 
avoid the confusion that would result if each 
animal had a different name in English, 
Spanish, Russian, Arabic, Chinese or Swahili. 
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Some of the light is made by 
ostracods, which release little clouds 
of light into the water. Also known 
as sea fireflies, these creatures can 
even produce light after they are 
dead. During World War II, the 
Japanese used to collect sea fireflies 
from the ocean and Japanese soldiers 
would carry little vials containing the 
dried creatures. Then if a soldier was 
out in the field at night and wanted 
to read a map, without using a light 
that might be spotted by an airplane, 
he could mix some of these dried 
ostracods with water, and use their 
bioluminescence to read his map. 

Vargula hilgendorfii 
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Viperflsh 

Finding food is a constant battle in the dark 
depths of the ocean. Many animals use 
bioluminescence to help them find their next 
meal. In this life and death struggle, the 
animal that attacks is called the predator 
and its victim is called the prey. 

The viperfish has a luminescent lure 
at the end of a long fishing rod that it can dangle in 
front of its mouth. The mouth contains long fangs 
and the jaw can open so wide it can swallow very 
large victims. Thousands of light organs cover the 
body, fins, and head of the viperfish and there are 
even light organs located in the mouth and in the 
inner parts of the eye-ball. We can only guess at 
how this remarkable deep-sea fish uses all these 
different light organs to help it survive. 
(Approximate length, 15 to 18 em) 

.. 
0 

Flashlight fish 

Paint all of the dotted areas on theses two 
pages with the blue paint. 

Flashlight fish have 
large light organs located 

under each eye. They use these 
just like flashlights, to help them find 

food in the dark. They also use their flashlights to 
help bring food to them. Many of the plankton 
that they eat are attracted to their lights, just the 
way moths are attracted to a flame. Flashlight fish 
live in reefs and rocks near shore, where they hide 
during the day, only coming out to feed when it is 
dark. (Approximate length, 7 em) 
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Finding a mate in the darkness can be just 
as difficult as finding food. 
Bioluminescence can help males and 
females recognize each other. 

Firefly 

Fireflies flash their lights in a kind 
of code. Different kinds of fireflies 
use different codes. The firefly 
shown here, resting on a blade of 
grass, is a female who waits until 
she sees the special flash pattern 
from a male of her own kind, 
before she flashes her own pattern 

Yellow back. With the right response from 
the female, the male flies closer and 
flashes his code again. The male 
and the female continue this 
"conversation" until they locate 
each other and mate. 

Animals use bioluminescence in many different ways to help defend 
themselves against predators. Three common ways are: 

1) Blinding and/ or distracting 
2 ) Burglar Alarms 
3) Camouflage 

Learn how each of these works below and on the next two pages. 

Fangtooth 

The fangtooth is a fearsome looking fish with a rough 
black skin that looks like armor plating. Many deep-sea 
animals are black in order to help them hide in the dark 
depths of the ocean. The fangtooth needs to hide from 
its victims in order to be able to sneak up on them unde
tected. It also needs to hide from hungry larger fish. 
(Approximate length, 15 em) 

Decapod shrimp 

Although black is a common color for deep-sea 
animals, many other animals, like this decapod 
shrimp, are bright red. Something appears red only 
if there is red light to reflect off it. But in the deep 
sea, where the light is blue, an animal that appears 
red at the surface looks black in the ocean depths. 

Many deep-sea animals, like this shrimp, can release 
a cloud of blinding blue bioluminescence into the 
face of an attacker, just the way a squid releases an 
ink cloud. The shrimp shown here actually vomits 
the light towards his attacker as he flips backward, 
escaping into the darkness. 
(Approximate length, 14 em) 





In the ocean, just as on land, 
smaller animals try to hide from 
larger animals in order to avoid 
being eaten. If a bioluminescent 
animal, like this squid, does get 
caught, it may use its biolumi
nescence like a cry for help, to 
try to attract the attention of an 
even larger animal. 
Bioluminescent flashes attract a 
lot of attention from hungry 
predators looking for food in the 
dark depths. In this case, it has 
attracted the attention of a 
swordfish. (Approximate length, 
4.5 m ) 

Swordfish 

Barracudina 

Squid 

As the swordfish swims closer, 
it will see the barracudina 
(Approximate length, 50 em) by the 
flashing lights of the squid. Rather 
than attacking the squid 
(Approximate length, 7 em), which 
it saw first, the swordfish may 
change its mind and attack the 
larger and tastier barracudina, thus 
giving the squid a chance to escape. 
This particular use of biolumines
cence is referred to as a burglar 
alarm because the squid's biolumi
nescence is an alarm that attracts 
the attention of the police (the 
swordfish) to the burglar (the 
barracudina). 

Many creatures in the ocean 
use their bioluminescence as a 
burglar alarm. Even the tiny 
dinoflagellates, shown on 
pages 4 and 5, use it this 

way. For the dinoflagel
lates, the burglars are 

usually copepods 
that eat dinoflagel
lates, and the police 

are the fish that eat 
cope pods. 

Since there are no trees or bushes to hide 
behind in the open ocean, animals must 
find other ways of hiding from hungry 
predators. An animal swimming at depths 
where sunlight or moonlight filters down 
from above is easily spotted as a dark 
shadow against that light. 

Longnose lancetfish 

Paint all of the dotted areas on these 
two pages with the blue paint. 

Lanternfish 

Many animals, like the lanternfish 
(Approximate length, 10 em) shown 
above, use bioluminescence to break up 
their silhouette and n1ake them harder to 
recognize. Like a leopard's spots or a 
zebra's stripes, this use of bioluminescence 
makes it harder for predators, such as the 
longnose lancetfish (approximately 2 m 
long) to recognize the true outline of its 
potential prey. Fish \vithout this ability are 
much easier to spot. The lanternfish can 
even adjust the intensity of its biolumines
cence to match the intensity of the light 
coming from above it. If a cloud goes 
over the moon, the fish dims its biolumi
nescence until the cloud passes. 

An enormous number of animals in the 
ocean use bioluminescence in this way, 
including many different kinds of fish, 
shrin1p and squid. 





HOW DO ANIMALS MAI<E LIGHT t 
Light is a form of energy. 
For most light, like the light 
from the sun or a light bulb 
or a candle flame, the energy 
comes from heat. But the 
energy needed to produce 
light can also come from a 
chemical reaction. Light that 
comes from mixing chemicals 
is called cold light, because 
the energy source is not heat. 
Bioluminescence is cold light 
made by animals. 

Although the two chemicals 
that an animal mixes 
together to produce light are 
called luciferin and luciferase, 
these are actually very different 
kinds of chemicals in different 
animals. 

Different chemicals make 
different colors. 

Some animals make their chemicals 
from the food they eat. A few 
animals borrow the chemicals that 
another animal makes. 

The flashlight fish is a borrower. It 
benefits from the bioluminescent 
bacteria growing in the light organ 
beneath its eye, because the bacteria 
produce light that helps the fish find 
food. In return, the fish 
provides the bacteria with the food 
that they need to grow. A living 
arrangement like this, where both 
parties benefit, is known as 
symbiosis. 

Blue 

Flashlight fish 

Bristlemouth lightfish 

Many animals that make their own chemicals store them in 
light organs called photophores. Photophores are like little 
lamps that adorn the bodies of some bioluminescent animals. 
Many photophores include a lens that helps to direct the light 
produced inside, out into the water. (Approximate length of 
Bristlemouth, 20 em) 

~ ~~~~~~::/ .... ... . . . . . .. . . &.~~~~4------r:=---

Shining tubeshoulder 

Most fish keep their light producing 
chemicals inside themselves. The 
shining tubeshoulder is one of the 
few fish that releases its chemicals 
into the surrounding water. 
H owever, the ability to spew biolu-

. . 
mmescence IS very common among 
shrin1p, squid and jellyfish. 
(Approximate length, 25 em) 
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Black loosejaw 

Unlike most anirnals in the deep 
sea, the black loosejaw can see 
different colors. Because of this 
unusual ability, it can see the 
beam of red light that shines out 
from the light organ beneath its 
eye. Since most other animals in 
the deep sea can only see blue 
light, they are unaware when the 
loosejaw is sneaking up on them, 
using its red bioluminescence like 
a sniper scope to see without 
being seen. (Approximate length, 
30 em) 

Firefly Green 

Click beetle 

Click beetles are land dwellers that 
get their name from their ability to 
snap their bodies over, if they get 
knocked onto their backs. The body 
flip produces a clicking sound. 
Bioluminescent click beetles are 
sometimes called fire beetles. 
Besides its orange belly light, this 
luminescent click beetle also has two 
yellow light organs on its back. 
(Approximate length, 2 em) 

Fireflies can produce either yellow or green 
bioluminescence depending on the species. 
Fireflies that come out at sunset often flash yellow 
bioluminescence, while fireflies that emerge later 
in the evening flash green. There are at least 2000 
different species of fireflies and they are found all 
over the world. (Approximate length, 1 em) 

The blue luminescent lure that the 
anglerfish dangles in front of its 
mouthful of needle-sharp teeth is 
filled with bioluminescent 
bacteria. As with the flashlight 
fish, this is a symbiotic relationship. 
(Approximate length, 12 em) 

Unlike worms on land that hide from preda
tors by burying themselves in the ground, the 
tomopterid worm lives in the open ocean 
and hides by being transparent. While most 

bioluminescence in the open 
ocean is blue, this worm 
produces a yellow light. 

(Approximate length, 
20 em) 

Yellow 

Tomopterid worm 

Blackdevil anglerfish 

Violet 

Like many squid, the comb-fm has long elastic 
tentacles that can shoot out at lightning speed to 
capture prey. Although many squid have 
bioluminescent light organs, the comb-fin is the 
only squid known to produce a violet light. 
Since males and females have different light 
organs, it is possible that comb-fins use their 
unusual light organs to recognize each other in 
the dark. (Approximate length, 15 em) 





There are a few remarkable 
creatures that produce more than Orange (glow) 
one color of bioluminescence. 

The click beetle not only 
produces orange light from 
its belly (see pages 14 and 15) 
but it also has two very bright 
yellow light organs on its back. 
It is believed that the bright 
lights of luminescent click beetles 
may have prevented an invasion 
of Cuba in 1634, when English 
ships called off a night attack 
because they saw so many lights 
on shore. Historians have 
suggested that the lights, which 
the British mistook for a 
defending army, may actually 
have been bioluminescent click 
beetles out for an evening stroll. 

Railroad worms flash the 
greenish-yellow lights on each 
body segment to scare away 
predators, and they use their red 
head lamps to see in the dark. 
The luciferins in these different 
colored light organs are identical. 
It is slight differences in the 
luciferases that produce the 
different colors. 

Click beetle 

Green 

Railroad worm 

Red 

Yellow 

Blue 

In the open ocean blue light travels further 
than any other color, so it's the best color for 
communicating over long distances. 

Krill 

There are so many krill in the ocean that they can 
serve as food for whales that feed on plankton. All 
krill produce a blue bioluminescence. 
(Approximate length, 4 cn1) 

Benttooth bristlemouth 

Black loosejaw 

The most common fish in the world is 
the benttooth bristlemouth, which 
produces blue bioluminescence from 
photophores on its belly. 
(Approximate length, 3 to 4 em) 

Besides the red light organ under 
each eye, which the black loosejaw 
uses like a sniper scope, it also has a 
blue light organ further back on the 
head. It flashes this organ as a 
burglar alarm when attacked. 





To help an animal survive, 
bioluminescence must be seen. 
The color of light that an animal 
emits must be a good match, both 
for the eyes that are meant to see it 
and the environment through 
which the light must pass to reach 
those eyes. 

In coastal waters, where there 
is sand and other p articles in 
the water to scatter the light, 
blue-green light travels farther 
than blue light. In these waters 
bioluminescent animals usually 
flash blue-green lights. 

If the diver squeezes the stalk of 
the sea pen, she will see waves of 
blue-green light running up and 
down the plume, just like the 
lights on a Times Square bill
board . This very eye-catching 
display is used as a burglar alarm. 
(Approximate height, 30 em) 

The starfish flashes blue-green 
bioluminescence as a warning to 
predators that it tastes nasty. 
(Approximate width, 15 em) 

Sea pen 

Blue-green 

Blue-green 

If a predator attacks a brittlestar, 
the brittlestar can actually drop one 
of its legs, leaving it behind to flash 
brightly and distract the predator, 
while the brittlestar n1akes its escape 
into the darkness. Later it will 
regrow the lost limb. The central 
disc of an adult brittlestar is 
approximately 3 em across. 

Green 

Mushrooms 

Green is the color of the bioluminescence 
most often found in land dwellers such as 
these mushrooms and the Malaysian land 
snail This is the color that reflects best 
from the green plants that surround them. 

Green 

Malaysian land snail 





' 

HELP THE FIREFLY FIND ITS MATE GUESS WHO'S COMING TO DINNER 

87 • 

86 . 

85 · 
22 . 

84 . 
21 . 

83 . 20 . 

• 
80 

91 . 
72 
• 

73 • 
• 49 

• 70 

• SO 51~ 
• • sz s3 • 54 

74 • 

• 55 • 75 

. 
16 

• 
15 

• 56 57 
•76 • 

• 
13 

u-- ·:, .. , .. 
~.9 

• • 11 10 

• 
12 

The whipnose anglerfish has the longest 
fishing pole of all the anglers. Connect the 
dots to see just how long it is. 

These large fish feed on benttooth bristle
mouths, lantern fish, decapod shrimp and 
vampire squid. 

(Approximate body length, 60 em) 



Draw a line from each fish to the phrase that describes 
how you think it might use its bioluminescence to survive 
in the ocean. 

Hatchetfish 

Blackdevil anglerfish 

Black loosejaw 

Shining tubeshoulder 
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Look for prey in 
the dark 

Blind a predator 

Attract prey 

Coun terill urn ina tion 

Four of the fish shown in this book are not bioluminescent. They are the barracudina 
(p. 10), the fangtooth (p. 8), the lancet fish (p.lO) and the swordfish (p. 10). 
Find the names of these fish below and paint all the letters in each name, lightly with the 
yellow glow-in-the-dark paint. 

Then find the seven names of creatures that glow and paint them with the blue 
glow-in-the-dark paint. 

All names are either across or down. 
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Pick out the green letters (the letters shared by the words highlighted in blue and 
yellow) and use them to fill in the blanks below in order to learn the name of the 
bioluminescent fish on the cover. 
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SOLVE THE PUZZLE PUZZLE CLUES 

Use the words scattered on this page to fill in 
the 9 puzzle clues. Then place these 
answers in the numbered spaces 
below to find the name of this 
strange and fearsome deep-sea 
fish with a light on the 
end of its tail. 

Coun terill umina tion 

l. A fish that grows bioluminescent bacteria in its 
light organ is the ___ S __ I _ _ _ _ I __ . 

2. Bioluminescence used to attract the attention of 
large predators is called a B _ _ _ _ _ _ __A __ . 

3. One of the names of the chemicals that animals use 

4. 

to make light is _ U _______ . 

A bioluminescent light organ is called a 
H H 

5. L C C is light made by living 
creatures. 

6. Bioluminescence used to make an animal hard to 
see from below is called T LL 

7. Bioluminescent B ______ A glow steadily. 

8. An animal that uses bioluminescence to find a mate 
is the F Y. 

9. A fish that uses bioluminescence to attract prey is 
anA R. 
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DO IT YOURSELF ACTIVITIES 

While it is difficult and very expensive to capture and keep most of the animals mentioned in this book, 
there are some readily accessible and reasonably priced sources of bioluminescence for use in do-it-your
self demonstrations. 

Lightsticks 

Bioluminescence is cold light, which means that very little energy is wasted as heat. 
You can demonstrate this principle with lightsticks purchased from a dive shop or a safety supply catalog 
such as Lab Safety Supply (Tel. 800 -356-0783). Lightsticks come in blue, green, red, orange, yellow 
and white and cost about S2 each. Just as with bioluminescence, different chemicals produce different 
colors. When you bend and shake the lightsticks, mixing the chemicals inside, you make light the way 
living organisms do and you can feel that there is no heat coming from the lightstick. Compare this 
with a light bulb or a candle flame, where much of the energy associated with the light production is 
lost as heat. The amount of light that is produced by the lightstick depends on how often the light pro
ducing chemicals bump into each other. Just like bumper cars, where the number of collisions depends 
on the number of bumper cars and how fast they're all moving, the amount of light produced depends 
on the number of light producing chemicals and how fast those chemicals are moving. The warmer the 
chemicals, the faster they move. You can slow down the collision frequency by placing a lightstick in the 
freezer. Demonstrate what effect this has on the light intensity by breaking two lightsticks of the same 
type at the same time and placing one of them in a freezer, while leaving the other at room temperature. 
After a couple of hours compare the intensity of light from the lightstick in the freezer to the one kept 
at room temperature. The one kept in the freezer is dimmer, because its chemicals are moving more 
slowly and not coUiding as often. Allow the lightstick from the freezer to warm to room temperature. 
Now, when you compare, you will find that the lightstick from the freezer is the brighter one. This is 
because, while it was cold it was using up its light producing chemicals more slowly than the lightstick 
kept at room temperature. As a result, the stick from the freezer now has more chemicals and more 
collisions due to different concentrations of the reacting chemicals, rather than to their different speeds. 

Bioluminescent bacteria 

You can order a Bioluminescent Bacterium Kit from Carolina Biological Supply Co. 
(Tel. 800 -334-5551 Catalog # WW-15-4750, price per kit $12 .7 5). Instructions and 
photobacterium medium are included with each kit. 

Bioluminescent fungi 

You can order a Bioluminescent Fungus Kit from Carolina Biological Supply Co. (Tel. 800-334-
5551 Catalog # WW-15-5798, price per kit $25.0 5). Bioluminescent fungi, 

like bioluminescent bacteria, glow constantly. These cultures of foxftre fungus 
tend to be quite a bit dimmer than the bacteria, so you will need to be fully 
dark adapted to see their light. The human eye becomes most sensitive to dim 

light after being in total darkness for 20 minutes, but just a few minutes of dark
ness should be enough to see tl1e foxfire. The advantage of the fungus kit is that, 

because the bioluminescent fungus grows so slowly, you can maintain the culture for months to years 
with very little effort. The kit comes with pre-poured plates and instructions for transferring plate cul
nues. 

Bioluminescent dinoflagellates 

It is easy to grow bioluminescent dinoflagellates. You can order them from Sunnyside Sea Farms, 475 
Kellogg Way, Goleta, CA 9 3117-3804 (Tel 805-964-3755, e-mail: sunnyside@seafarms.com). 
The first 50 m1 bag is $6.00 and the price drops the more bags you purchase. These 
dinoflagellates have the scientific name Pyrocystis fusifor't1Jis, which literally means spindle
shaped (fusiform) fire (Pyro) cell (cystis). You will need to expose them to normal room light 
for at least 8 to 12 hours every day, since these cells need to photosynthesize in order to live 
and make their bioluminescent chemicals. Although they are usualJy only bioluminescent during 
the night, you can fool tl1em by having the lights on during the night and keeping them in the 
dark during the day. Then, if you take them out and shake the bag, you will see them flash. The eas
iest way to control the light/ dark cycle is to put the cells under fluorescent lights controlled by a timer. 
Be careful not to let the culnues get too warm. They grow best at about 20° C ( 68° F). You can use a 
smalJ fan blowing over the cultures to help keep them cool while the lights are on. If the cells are 
maintained at the right temperature and with enough light each day, they will survive in tl1eir sealed 
plastic bags for months. The cultures can be maintained indefinitely by transferring them to a mixture 
of sterile sea water and nutrients every 2 or 3 months. Normally cultures are sterilized in an autoclave 
but you can kill most contaminants by heating the water in a microwave so long as you adjust the tem
perature so the water doesn't boil. Put 100 ml of sea water in a 250 m1 Erlenmeyer flask with 0.05 m1 
of Micro Algae Grow from Florida Aqua Farms Inc. 33418 Old Saint Joe Road, Dade City, FL 
33525 (Tel. 1 -352- 567-0226). (www.florida-aqua-farms.com). A 6 oz bottle (part# FA-MIS) 
costs $5.20. Put a 50 m1 beaker upside down on the flask to cover the mouth opening. Microwave the 
sea water for 20 mins ar 180° F. Don't let it boil, otherwise some of the salt will precipitate out of solu
tion. Allow the sea water to sit for at least a day (witl1 the open end still covered by the beaker), before 
inoculating the culture. You want to make sure that when you transfer dinoflagellates from the old cul
ture to the sterile sea water, you don't contaminate it, so you need to limit the exposure 
of the culture to the outside air, which is full of contaminants. This is easiest with two 
people. Person #l lifts the beaker off the flask containing the sterile sea water and holds 
it directly over the mouth opening of the flask, with just enough of a gap so that person 
#2 can pour some of the old culture into the sterile sea water. Person #2 should tilt 
the old culture flask before lifting off its beaker and hold the beaker above the opening 
until just before pouring. It would also help if you could make tl1ese transfers in a 
room without a lot of air currents. Make the transfer and replace the beakers over the 
mouth openings quickly, to minimize exposure of the cultures to airborne contami
nants. 



MORE ACTIVITIES MORE INFORMATION 

If you don't have access to sea water, you can try using synthetic sea salts purchased from an aquarium 
store and mixed with dechlorinated water. Not all sea salt mixtures are the same. Some good ones tO 

try are Marine Environment or BIO-SEA Marinemix. If you don't have an Erlenmeyer flask and 
beaker, try using a new or very clean salad dressing cruet with an upside down paper cup in place of the 
lid. 

Once you have a few flasks going, try growing them under different light/dark cydes and, if you have a 
microscope, look at the cells to see if they appear different in their day phase compared to their night 
phase. Look for dividing cells. Each dinoflagellate divides approximately every 5-7 days, depending on 
the growth conditions. Can you recognize different stages of asexual reproduction? See what happens 
to the bioluminescence if you keep one of the cultures in constant darkness. What about under constant 
light? Sec how long you can swirl a flask of night phase cells until the bioluminescence is used up. Do 
they recover during the night phase? How about after their next day phase? Pour some of the dinofla
gellates into a dish and try adding a few drops of vinegar. You should see the cells glow instead of flash. 
This is because vinegar is an acid, which is what triggers the light producing chemical reaction in 
dinoflagellates. Since you can't take the acid away once you've added it, the light emission continues 
until all the light producing chemicals are used up. 

Bioluminescent ostracods 

You can order dried bioluminescent ostracods from Carolina Biological Supply Co. 
(Tel. 800-334-5551, Catalog# WW-20-3430, $32.80/ 500 mg). Rub a few of them 
on the palm of your hand with some water and you will see that, even though they're dead, 
they still make light. Instructions are included for how ro separate luciferin and luciferase 
that will produce light when mixed. 

Fireflies 

If you are lucky enough to live somewhere in the country where fireflies are found, you can do 
experiments to study their language of light. Fireflies usually appear on a warm 
evening, just after sunset, in places where there aren 't a lot of artificial lights that 
would interfere with their signaling. They also tend to be found in open fields, 
where they have a better chance of seeing each other, than they would in a heavily 
forested region. Watch their flashes carefully. Use a small pen light to imitate the 
flash pattern used by the female f1reflies that are usually perched on the ground or 
in a bush and see if you can attract a flying male tO land on your hand. Be careful 
to notice how long the female waits after seeing the maLes flash, before she flashes 
her code. If you catch one of the females, place her in a glass jar with breathing 
holes in the lid and with a few blades of grass or leaves for her to perch on. Then 
try flashing the male's code at her and watch her response. Notice which way she 
points her lantern after she sees your flashlight. Play with the flash signal to sec 
just how fussy she is about the code that she will respond to. 

~ 
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More information about bioluminescence 

To find out more about bioluminescence you can visit these web sites: 
http:/ jw\vw.biolum.org 
http:/ /\\'Ww.bioscience-explained.org/ENl.l/features.html 
http:/ /lifesci.ucsb.edu/ -biolum/ 
http:/ /siobiolum.ucsd.edu/Biolum_intro.hti:nJ 

Some general introductory material (with pictures) 

"The secrets of nature's night lights" by Paul A. Zahl. 
National Geographic Vol. 140, No. 1 July 1971 p. 45. 

"Marine biolun1inescence" by Robin Milton Love. 
Ocean Realm, Magazine ofthe Sea. July/August 1992 p. 54. 

"When squid shine" by Mike Toner. 
International Wildlife. May/June 1994. 

"Light in the Ocean's Midwater" by Bruce H. Robison. 
Scientific American Vol. 273 July 1995 p. 60. 

"Creatures that Glow" by Anita Ganeri. 
New York: Harry N. Abrams, Inc., Publishers 1995. ISBN 0-8109-4027-2. 

"The Light Connection: Symbiotic Relationships llluminate Underwater World" by Joe Hlebica. 
Explorations, Scripps Institution of Oceanography Vol 4 No.2 Fall 1997 p. 2. 

"Marine bioluminescence: Secret Lights in the Sea", HBOI 2000. 26 min educational video by Edith 
Widder and Brian Cousin. Available at http:/ /www.hboi.edu 

Some scientific sources 

Campbell, A.K., 1988. Chemiluminescence: Principles and Applications in Biology and Medicine. 
Chichester: HorwoodjVCH. 

Herring, P.J. (Ed.), 1978. Bioluminescence in Action. 
London: Academic Press. 

Herring, P.J,, Campbell, A.K., Whitfield, M. and Maddock, L. (Eds.) 1990. Light and Life in the Sea. 
Cambridge: Cambridge Univerisity Press. 

Marshall, N.B., 1980. Deep-Sea Biology, Developments and Perspectives. 
New York: Garland STPM Press. 

Morin, J.G., 1983. Coastal bioluminescence: patterns and functions. 
Bull. Of Marine Science 33( 4 ): 787-817. 

Tett, P.B. and Kelly, M.G., 1973. Marine bioluminescence. 
Oceano gr. Mar. Biol. 11, 89-173. 

Widder, E.A., 2002. Bioluminescence and the pelagic visual environment. Mar. Fresh. Behav. Physiol. 
35(1-2):1-26. 

Young, R ... E., 1983. Oceanic bioluminescence: an overview of general functions. 
Bull. Mar. Sci. 33( 4), 829-845. 
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