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The Correlation Between Light Intensity and the

Bathymetric Distribution of Marine Copepods.

Emma C. Odell.

For some time the movements of pelagic organisms has beenIntroduction

a subject for much discussion and it has been realized that these migrations

are not merely a matter of ohance but are controlled by definite factors

of the environment. Much interest has been shown of late years in the

movements of the planktonic forms, not only from an experimental standpoint

but with a view to an eoonomic application as well, since plankton

constitutes the bulk of the material upon which most fish feed. Plankton

is found at different depths of the sea at different times of the day.
What is the cause of this phenomenon? Is it due to temperature ohange?

Is it mechanical stimulus? Is it a reaction to light or is it a seeking

after food that oauses these organisms to migrate vertically in the sea?

For a number of years it has been understood that light plays

an important part in the movements of pelagic organisms. Weismann(1577)

believed "that light determined the upward and downward migration of

pelagio animals and that most animals, being adapted to light of medium

intensity retreated from the surface when the light increased and moved

upward when it diminished." Chun(1577)maintained that temperature

ohanges were responsible for daily migrations.
Groom and Loeb(1590);although they did "not deny the influence

of temperature, concluded that light, not heat, was the ohief factor in

controlling migrations."
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Loeb(1893) declares that many organisms "migrate

periodioally in a vertical direction, coming up to the surface during

the night and going downwards during the day, but not deeper than 400

Below this depth the intensity of the light is so small asmeters."
to be negligible. The question then arises: what determines this

periodic vertical migration? Loeb says that it is determined, to a

certain extent at least, by the light. Animals negative to lights

of high intensities desoend until they reaoh a depth where the light

is of a proper intensity; as the light conditions ohange(i. e. the

intensity becomes less)they .ohange their reaction(become positive)

and migrate again towards the surface and the light. Hence there is

a continual migration corresponding to the ohanges of light intensity.
He also shows that temperature ohange has an influence on depth

migrations and that animals which in winter are at the surface at night,

in summer always remain at a certain depth below the surface.
G.H. Parker(1902) experimented at Woods Hole with Labidooara

Heaestiva, one of the commonest summer oopepods of that region,

says "that daily migrations of pelagio animals is not the result of

as simple a combination of oircumstanoes as was supposed, and further,

what may be effective in bringing about migrations in one species may

So far as the few oopepods that have been studied arehot in another.
concerned, the chief factor seems to be light, although reaction to

gravity has not been shown to be without influence, and heat and

Parker found thatdensity of the sea water may play subordinate parts."
whAn Labidocera were put into an aquarium of sea water and plaoed near
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a window the animals separated into two distinct groups; the females

frequented the top of the water at the light side of the Jar and the

males were distributed more or less uniformly throughout the aquarium.

The question then arose as to whether the females were positively

phototropio or negatively geotropio. He found that they remained at

the surface in total darkness; he also proved that it was not oxygen

that they were seeking, so he oonoluded that they were negatively

He found that they oolleoted at the light side of the Jar-geotropic.
henoe were positively phototropio as well. He believes that the males

are slightly negatively geotropio.
Parker found that although male Lafcidooera distributed

themselves fairly evenly in the light the majority of them were found

at the side of the Jar away from the light,i.e. were slightly negatively

He also discovered that it was quite easy to drive male
phototropio.
Lafcidooera horizontally across the Jar by means of Changing the position

of the light, but it was impossible to drive them up amd down through the

Henoe slight as the negative geotropism of the male is, it is
water.
more effective than its phototropism. This might give the impression

that the female Lai>idooera is found always at the surface of the sea

instead of down in the daytime and up at night as is the case with oopepods.

The explanation is that there is a difference in their phototropisms when

Parker found that the females
lights of different intensities are used.
are positive to lights of low intensities and negative to lights of

high intensities; while the males are slightly negative to all intensities.

Parker uses artificial illumination (eleotrio bulbs) and gives

the measurement in candle power.



This paper is a dlsoussion of oopepods and light intensities:
the relationship between them with respeot to distribution. This
problem was suggested by Dr. Huntsman who became interested in this

particular phase of it during a visit to Bermuda where he had the

opportunity of observing the influence of light(particularly moonlight)
oâ the so-called ''fire-worms" of the looality. These organisms are
phosphorescent and are evidently very sensitive to light since they

appeared and glowed at the surface of the water in the evening when

the sun was down and the moon was not yet above the horizon at the

exact moment when Dr. Huntsman,could not read his watch. This is the

only indication of the light value that Dr. Huntsman has. Evidently

these "fire-worms" are strongly negatively phototropio since even

moonlight drives them away from the surfaoe. It was considered advisaole

to endeavor to flind out in what way the reactions of the more northern

plankton!o forms wrere related to this. Copepods were selected as the

subject for experimentation.
The copepods used were from a horizontal tow at a depth of

from Iff to 20 meters taken atrStations p and 6, Atlantio Biologioal

Station, St. Andrews, New Brunswick. A surfaoe tow was also taken at

the same time and served as an indication of the difference in numbers.
w(£jre taken on dark nights and tows taken on moonlight nights were

observed, the greater number of animals being found in the dark night tow.
Tows

The tows were brought to the laboratory in large glass containers;
the oopepods were immediately isolated as to genera and species and

transferred in groups of ten to smaller glass jars containing sea water

These jars were kept cool by storing in a 0°chamber.at sea temperature.
Care was taken to use fresh normal specimens as nnkoh as possible.
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Apparatus Three different oopepods were used: Calanus finmarohious,

Tortanue discaodatus, and Eur temora herdmani. The apparatus1
concerned oonsisted of a glass oylinder approximately 40 om. in

This was blackened(leaving a strip alonglength and open at one end.
the side through whioh to observe the oopepods) and was marked off

This cylindrical Jar was filled with sea water andin centimeters.
slipped through an opening in the top of a light-proof box so that the Jar

This box had one side open and covered with a blaokstood up-right.
curtain made of several thicknesses of blaok sateen, whioh could be

wound around the observer's head and shoulders and quite successfully

excluded the light while the readings ware being taken.
The idea was to observe the oopepods under as normal conditions

The first thing neoessary to doas possible in this miniature ooean.
was to devise some means of keeping the temperature of the sea water

This was aooomplished'by means of a galvanized and copperconstant.
The light-proofice-container whioh fitted around the cylindrical Jar.

The top of the Jar wasbox rested on a frame of convenient height.
Itcovered with a piece of glass of the same thickness as the bottom.

was found necessary to do this beoause the source of light had to be

ohanged from the top to the bottom and since it had to pass through

the glass bottom of the oylinder, glass was added to the top also,

in order to make the lights comparable.
Ten oopepods were used in each experiment and they were

subjected to three different conditions of illumination: that of sunlight,
Procedure

In the oases of sunlight and skylight naturalskylight and moonlight.
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light wa3 used; for moonlight, an artifioial moon was roads from an
electric light bulb.

The apparatus was first sat uo under skylight conditions,
the Jar was filled with saa wat9r and the oopepods introduced at the

bop; i.a. zero centimeters. The apparatus was tilted toward the light

in eaoh oase so that the light passed straight down the oylinder.
The angle of inclination was ascertained by mean3 of a goniometer

measurement of the sun's rays as shown by the diaphragm system of the

pyrheliomatar. The readings were taken at p minute intervals and

the distribution of the oopepods reoorded. The intensity of the light

was measured in eaoh oase with a Dram Photometer which was calibrated

against the pyrheliomatar, the Neutral Wedge, and the Eoological Photometer.
After the experiment was completed in the hkylight the apparatus was

moved to the sunlight and thence to moonlight. The gradient curves

for the sunlight and skylight conditions were obtained by readings made

with the Spectrophotometer and under as nearly the same light conditions

as possible.
The accompanying sets of ourves- two for eaoh of the three

species of oopepods- show in graphio form the distrioution of the animals

with relation to light intensities. Let the absoissa represent the

It is marked off in centimeters, 0- k?.t
depth of the cylindrical Jar.

The left hand ordinatethe top and bottom of the Jar?
respectively,

represents percentage light values and the right hand ordinate,percentage

The unbroken line i3 the ourve of the gradientdistribution of oopepods.
This was obtained by averagingof light under sunlight conditions.

the Drem Photometer readings for the ten experiments, then taking the



7

Spectrophotometer readings in terms of this Drem reading and reducing

Thô broken line(thus,- -)is thethem to a percentage basi3.
The distribution of animalssky curve and was obtained in the same way.

for these two light conditions is shows(on separate graphs) by the

) The animal curve was aotained by dividingdotted line (thus

the Jar into five sections, counting the number of oopepods in each

seotion, adding together the results for the ten experiments and reduoing

to a percentage basi3.
Taking these sets of curves in groups of two- one species under

the two light conditions- the graphs show guite clearly that the relationship

between light intensity and the distribution of oopepods is one of reciprocals;

the greater the light intensity, as represented by the greater area bounded

by the sun curve, the smaller the area of the Jar occupied by the oopepods.
The lower the light intensity

^
as represented by the area bounded by the

sky ourve, the greater the area of the Jar oooupied oy the oopepods.
the lower the light intensity the less negatively phototropio are the

The same relationship obtains in the sets of ourves for Tortanus

i•0•

oopspoas.
and Eur teuiora.

The accompanying tables- two for each of the three species of

oopepod* show numerically the distribution of the oopepods in the ten

A, B, C, D, and E represent the divisions of the Jar.
light value for the experiments are given in Drem Photometer Readings in

terms of A (the darkest screen).
These results indioate that all three oopepods are negatively

Calanus gives the most

Theexperiments.

phototropic to the intensities of light used.
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definite reaotion and is easily the most readily effected by light.
When it was noticed that the oopepods distributed themselves so

persistently toward the bottom of the Jar the question arose: is it

because they retreat from the light or is it some other factor(e.g. gravity)

?
that is keeping them down. The apparatus was than rearranged so that

the Jar rested on the bottom of the light-proof box and a hole the

A false bottom wassize of the bottom of the cylinder was out in it.
arranged whioh could be slipped in and out at will. A light-proof
cover was plaoed over the top of the cylinder, the flase bottom was

then removed and the light focused by means of mirrors on the bottom of

It was found that both Oalanus and Eurytemora could bethe sylinder.
driven away from the light- Oalanus again giving the most definite

reaotion; they moved immediately to the dark end of the Jar and were

Eurytemora retreated from the souroefound at the surfaoe of the water.
They would moveof light out did not go to the surfaoe of the water,

upwards until they reaohed a point where the light was of a sufficiently

low intensity to be comfortable, so to speak, or approximately half way

up the Jar(20 cnu.)and would then distribute themselves fairly evenly

Thus we oan quite safely conclude that neitherover the dark half.
Oalanus nor Eurytemora are geotropic.

In the Ba3e of Tortanus, however, the oopepods persisted in

staying in the lower part of the Jar whether the light was admitted

In a horizontal box whioh allowed thefrom the top or from the bottom,

light to enter at one end and where the gBotropio force was praotioally

Thus it would seem that Tortanusnil, Tortanus sought the light end.
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are both positively geotropio and positively phototropio. Their

distribution in the sea is probably a balanoe between the two.

Low Intensity Experiments.
In the experiments carried on with lights of low intensities,

of whioh moonlight was taken as an example, the apparatus was set up

The Jar was filledin a dark room in the basement of the laooratory.
with sea water and the oopepods introduoed at the top,as before.
First, the distribution in total darkness was determined. Observations

made by flashing an eleotrio light on the oylinder sho?/ed the distribution

to be thus:

Oalanus- evenly distributed throughout oylinder.
Tortanus- all at the bottom.
Eurytemora- evenly distributed thuoughout oylinder.

An artificial moon was oonstruoted by outting down the light

from a ?.$ watt bulb with parchment paper and a green gelatin filter

The light from this moon was measureduntil it approaohed moonlight,

at a height of one foot above the top of the Jar with the Eoologioal

Photometer and was found to be .00011^> full noon June sunlight.
Photometer measurement of actual moonlight showed it to be .00015%

A

full noon June sunlight.
The spectral quality of actual moonlight is mostly green, with

The spectral quality of the artificialblue, orange and a bit of red.
showed mors green than real moonlight, along with blue,orange,moon

That is, the green quality of real moonlight wasand a bit of red.
emphasized in the artificial moon.



This moon was arranged so that it oould be shifted to

different heights above the cylinder and thus different light intensities

oould be obtained. Heights of -J- foot, 1 foot, 2 feet, and 4 feet

ware used so that the Inverse Square Law would aoply. The idea was

to get the lowest intensity of light that would drive the oopepods

definitely down in the jar. Under the influence of light of lower

intensities than this, the animals were found to become evenly distributed.
Hence we oan assume that this fact aocounts for their coming up nearer

the surface at night. It is more of a case of free will to go where

they please rather than a rise toward the light.
The following tables show the results with low intensities.

CALANUS.

Light Value(F.N.J.S)Ht. of moon Effect

.8000063$

.000012$

.000027$

4 ft. none- even distribution

3 ft. none- even distribution

2 ft. animals definitely down.

That is, the lowest light intensity that drives Calanus

definitely down is .000027$ full noon June sunlight , or very near

this value.

Tortanus.
Light Value(F.N.J.S)Ht• of Moon SffeOt

.0000063$

.000027$

.00011$

.00044$

4 ft. none- even distribution

2 ft. animals near surface

1 ft. animals lower in cylinder

i ft. animals at bottom
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Thus for Tortanus the lowest light intensity that drives them definitely

down is between .00011# and .00044# full noon June sunlight.
The artificial moon had no effeot on Eurytemora- it was of

too low an intensity. It was found neoessary to use a 100 watt Tungsten

bulb (light value .3# full noon June sunlight).

Eurytemora.

Ht. of lamp Light Value(F.N.J.S.) Effeot

.073#2 ft. none- even distribution

.3*1 ft. animals lower in Jar

1.2#i- ft. animals definitely flown

With low intensities as with sunlight and skylight, Calanus

gave the most definite reaotion. They, as compared with the other

species, were responsive to the lowest intensity of light,

species, Eurytemora required the greatest intensity of light to bring

Of the three

about a reaotion. The above results also show that Tortanus, which is

both positively phototropio and positively geotropio, rise to the surface

in lights of low intensities; i.e. with low intensities, their phototropism

is stronger than their geotropism.
We have-

Calanus driven definitely down by light of .000027# F.H.J.S.
Tortanus driven definitely down by light of .00044# F.N.J.S.
Eurytemora driven definitely down by light of 1.2# F.H.J.S.

Aotual moonlight is .00018# F.N.J.S.
results we would expeot to find both Tortanus and Eurytemora quite near

the surfaoe of the water under moonlight conditions, and very few', if

any, Calanus.

Hence from the above
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Summary 1. In the three speoies under experimentation, the

relationship between light intensity and the distribution of the

oopepods is one of reoiprooals: the greater the light intensity

the more negatively phototropio are the oopepods; and conversely,

the lower the light intensity the less negatively phototropio are the

oopepods.
?. Of the three speoies Galanus gives the most definite

reaction and is easily the most readily affected by all intensities

of light. It is strongly negatively phototropio.
3. Eurytemora is also negatively phototropio but not

to the same degree as Calanus.
4. Tortanus is both positively phototropio and positively

Under the influenoe of light of high intensities it aots
geotropio.

Thi3 is due to theas though it were negatively phototropio.
Under lights of low intensities

geotropio foroe exerting its influenoe.
the phototropism of Tortanus is the stronger of the two foroes,

sinoe Tortanus rises to the surface under weak lights.

Neither Galanus nor Euryteraora are geotropio.p.
6. Neither Tortanus no® Eurytemora are affeoted to any

great extent by moonlight- Calanus is.
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Calanus fiumarohious

Sky

I II III IV V VI VII VIII IX X
cw.
0 -10 A

10-20 B

20-30 C

30-38 D

3Sr-1+2 E

Light Value
Drem Reading

Calanua finmarohious

Sun

I II III IV V VI VII VIII IX XOUT •
0 -10 22 11A

10-20 1 13

1 120-30 C

1 1 2 130-3* D 1

10 10S 103ST-42 6 S 977 9S

Light Value
Orem Reading A23A12A12All A10 AllA17 A10A7.> A70



Tortanus disoastdatua

Sky

I II III IV V VI VII VIII IX X
otn.
o -io l6 2A

210-20 1B

22120430 0

1 2130-3* D

10 9 S4 S 973*-42 E

Light Value
Drem Reading A6.3 A10A9 A?A7A4.y A7 A9A*A3

Tortanus disoaüAâatus

Sun

I II III IV V VI VII VIII IX X
00».
0 -10 4 1A

110-20 B

1 12020 -30
123230-3* D

10 9106 S10sr3*-42 101 10E

Light Value
Drem Reading A23 A12A13A16 A16A7A7A7 A9A3



Eurytemora herdmani

Sky

I II III IV V VI VII VIII IX X
otnr.
0 -10 A 1

10-?.0 B 2 1

20-30 C 1 2

30-3S D 3 1

3S'-42 ‘ E 7 73

Light Value
Drem Reading A7 A7 A7.3

Eurytemora herdmani

Sun

CUT.
0 -10 A

10-20 B

20-30 C

30-33' D

3S'-42 E

Light Value
OBAM readings


