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The Correlation Between Light Intensity and the

Bathymetrie Distribution of Marine Copepods.

Emma C. QOdell.

For some time the movements of pelagic organisms has been
a subjeot for much discussion and it has bsen realized that these migrations
are not merely a mattgr of ohance but are controlled by definite factors
of the environmente. luo& 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 economic 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 change?
Is it mechanical stimulus? Is it & reaction to light or is it a sesking
after food that causes 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 (1877)
believed "that light determ&ned the upward and downward migration .of
pelagic animals and that most animals, being adapted to light of medium
intensity retreated from the surface when the light incoreased and mo#ed
upward when it diminished." Chun (1877) maintained that temperature
changes were responsible for daily migrationse.
Groom and Loeb (1890),a1though they did 'not deny the influence
of temperature, concluded that light, not heat, was the chief factor in

controlling migrations."




Loeb (1893) declares that many organisms "migrate
periodioally in a vertical direotion, coming up to the surface during
the night and going downwards during the day, but not deeper than 400
meters." Below this depth the intensity of the light is so small as
to be negligible. The gquestion 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 descend until they reach a depth where the light
is of a proper intensity; as the light conditions change (i. e. the
intensity becomes less) they change their reaction (bscome positive)
and migrate again towards the surface and the light. Hence therse is
a continual migration corresponding to the changes of light intensitye.
He also shows that temperature change 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 su;faoe.

G. H. Parker (1902) experimented at Woods Hole with Labidoocsra
aestiva, one of the commonest summer copepods of that region. He
says "that daily migrutions of pelagioc animals is not the result of
as simple a combination of oircumstances as was supposed, and further,
what may bs effective in bringing about migrations in one species may
not in another. So far as the few copepods that have been studied are
concerned, the chief factor seems to Dbe light, although reaction %o
gravity has not been shown to bs without influence, and heat and
density of the sea water may play subordinate parts." Parker found that

when Labidocera were put into an aquarium of sea water and placed near



a window the animals separated into two distinet 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 aguarium.
The question then arose as to whether the females wers positively
phototropic or negatively geotropic. He found that they remained at
the surface in total darkness; he also proved that it was notv oxygen
that they were seeking, so he conoluded that they wers negatively
geotropic. He found that they collected at the light side of the jar-
hence were positively phototropic as well. He belisves that the males
are slightly negatively geotropic.

Parker found that although male Labidooerﬁ distributed
themsslves fairly evenly in the light the majority of them were found
at the side of the jar away from the light,i.e. werse slightly negatively
phototropic. He also discovered that it was quite easy to drive male
Lapidocera horizontally across the jar by means of ehanging the position
of the light, but it was 1mpossibie to drive them up amd down through the
water. Hence slight as the nagative geotropism of the male is, it is
more sffective than its phototropism. This might give the impression
that the female Labidocera is found always at the surface of the sea
jnstead of down in the daytime and up atv night as is the ocase with copepPOdSe
The explanation is that there is a difference in their phototropisms when
lights of different intensities are used. Parker found that the females
are positive to lights of low intensities and negative to lights of
high intensities; while the males are slightly nsgative to all intensities.

Parker uses artificial illumination (electric bulbs) and gives

the measurement in candle power.



This paper is a discussion of copepods and light intensities:

the relationship between them with respect to distribution. This
pProblem was suggested by Dr. Huntsman who becams interested in this
particular phase of it during a visit to Bermuda whers he had the
opportunity of observing the influence of light (particularly moonlight)
ofi the so-called "fire-worms" of the locality. These organisms are
phosphorescent and are evidently very sensitive to light since they
appeared and glowsd 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 watoh. This is the
only indication of the light valus that Dr. Huntsman has. Evidently
these "fire-worms" are strongly negatively phototropio sincs even
moonlight drives them away from the surface. It was considered advisabple
to endeavor to find out in what way the reactions of the more northern
Planktonic forms wsre related to tpis. Copepods were selected as the
subject for experimentation.

The copepods used were from a horizontal tow at a depth of
from 18 to 20 meters taken afléfations 5 and 6, Atlantic Biological
Station, St. Andrews, New Brunswick. A surface tow was also taken at
the same time and served as an indication of the difference in numbers.
Tows w@*% taken on dark nights and tows taken on moonlight nights were
observed, the greater number of animals being found in the dark night tow;

The tows wers brought to the laboratory in large glass containers;
the oopepods were immediately isolated as to genera and speciss and
transferred in groups of ten to smaller glass Jars containing sea water
at sea temperature. These jars were kept cool by storing in a 0°chamber.

Care was taken to use fresh normal specimens as mmlich as possible.



Apparatus

Procedure

Three different copepods were used: Calanus fimmarchicus,

Tortanus discamdatus, and EurY temora herdmani. The apparatus

concerned consisted of a glass oylinder approximately 40 cm. in
length and open at one end. This was blaokened (leaving a strip along
the side through which to observe the oopepods) and was marked off
in centimeters. This cylindrical jar was filled with sea water and
slipped through an opening in the top of a light-proof box so that the Jar
stood up-right. This box had ons sids open and goversd with a black
curtain made of sevaral thicknesses of black sateen, which could be
wound around the observer's héad and shoulders and quite successfully
excluded the light while the rsadings were being taken.

The idea was to obsemve the copepods under as normal conditions
as possible in this miniature ocsan. The first thing necessary to do
was to devise soms means of keeping the tsmperaturs of the sea water
constant. This was acocomplished by means of a galvanized and ocopper
joce-container which fitted around the oylindrical jar. The light-proof
box restasd on a frame of convenient height. The top of the jar was
coverad with a pieocs of glass of the same thickness as the bottom. It
was found necessary to do this because the sourcs of light had to be
changed 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 comparablea.

Ten copepods wers used in each experiment and they wers
subjected to three different conditions of illumination: that of sunlight,

skylight 'and moonlight. 1In the casss of sunlight and skylight natural



light was used; for moonlight, an artificial moon was made from an

eleotric light bulbd.

.The apparatus was first set up under skylight conditions,
the jar was filled with sea water and the copepods introduced at the
bop; i.8. zero centimetsrs. The apparatus was tilted toward the light
in each case so that the light passed straight down the oylinder.

The angle of inclination was ascertainad by means of a goniometer
measurement of the sun's rays as shown by the diaphragm system of the
pyrheliometer. The readings were taken at 5 minute intervals and

the distribution of the copepods rscorded. The intensity of the light
was measured in each case with a Drem Photometer which was calibrated
against the pyrheliometer, the Neutral Wedge, and the Ecological Photometers
After the experiment was completed in the Bkylight the apparatus was
moved to the sunlight and thenoce to moonlight. The gradiént eurvss

for the sunlight and skylight cqnditions ware obtained by resadings made
with the Spectrophotomeier and under as nearly the same light conditions
as possibls.

The accompanying sets of ourves- two for each of the thrae
species of copepods- show in graphic form the distriopution of the amimals
with relation to light intensities. Let the absoissa represent the
depth of the oylindrical jar. It is marked off in centimsters, 0- 42,
the top and bottom of the Jar,respeotively. The leoft hand ordinate
represents percentage light values and the right hand ordinate,percsentage
distribution of copepods. The unbroken line is the ourve of the gradient
of light under sunlight conditions. This was obtained by everaging

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



Spectrophotometer readings in terms of this Drem reading and reducing
them to a percentage basis. Th® broken line (thus,-¢.=-..-) is the

sky ocurve and was obtained in the same way. The distribution of animals
for thesa two light conditions is showa (on separate graphs) by the
dotted line (thuse « « « « ) The animal curve was @vbtained by dividing
the jJar into five sections, counting the number of copepods in each
section, adding together the results for the ten sxperiments and reduocing
to a paroentage basis.

Taking these sets of curves in groups of two- one spscies under
the two light oondttions- the Zraphs show gQuite olearly that the relationship
between light intensity and the distribution of copepods is one of reciprocals;
the greater the light intensity, as represented by the grsater area bounded
by the sun curve, the smallsr the area of the jar ococupied py the copepods.
The lower the light 1ntens1ty‘as repressnted by the area bounded by the
sky ourve, the grsatser the area of the jar ococupisd by the copepods. i.e.
the lower the light intensity the lass negatively phototropic are the
copepods. The same rslationship obtains in the ssis of curves for Tortanus
and Eur? temora.

The accompanying tables- two for each of the thres spaocies of
copspod® show numerically the distribution of the copsepods in the ten
experiments. A, B, Cy D, and E represant the divisions of the jar. The
lizght value for the experiments are given in Drem Photomater meadings in
terms of A (the darkest screen).

These results indicats that all three copspods are nagatively

phototropis to the intensities of 1light used. Calanus gives the most



definite reaction and is easily the most readily affected by light.

When it was noticed that the copepods distributed themselves so

persistently toward the bottom of the jar the gquestion 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 them rearranged so that
the jar rested on the bottom of the light-proof box and a hole the

size of ths bottom of the cylinder was cut in it. A false bottom was
arranged whioh could be slipped in and out at will. A light-proof

cover was placed over the top of the cylinder, the flase bottom was

then removed and the light fooussd by means of mirroré on the bottom of
the eylinder. It was found that both Calanus and Eurytemora. oould be
driven away from the light- Calanus again giving the mosi definite
reaction; thay moved immediately to the dark end of the Jar and were
found at the surface of the water. BREurytemora retreated from the source
of light but did not go to the surface of the water. They would move
upwards until they reached a poiﬂt whers the light was of a sufficiently
low intensity to be comfortable, so %o speak, or approximately half way
up the jar (20 com.) and would then distribute themselves fairly evenly
over the dark half. Thus we ocan quite safely conclude that neither
Calanus nor Eurytsmora are geotropic.

In the ease of Tortanus, howsver, the copepods persisted in
staying in the lower part of the jar whether the light was admitted
from the top or from ths bottom. In & horizontal box which allowed the
light to enter at ona end and where the gpotropio force was practically

nil, Tortanus sought the light end. Thus it would seem that Tortanus



are both positively gsotropic and positively phototropic. Their

distribution in the sea is probably a balance betwsen the two.

Low Intensity Experiments.

In the experiments carried on with lights of low intensities,
of which moonlight was taken as an sexample, the apparatus was set up
in a dark room in the bassment of ths laboratory. The jar was filled
with sea.water and the copepods introduced at the top,as basfore.

First, the distribution in total darkness was determined. Obssrvations
made by flashing an eleotric light on the oylinder showed the distribution
to be thus: -

Calanus- svenly distributed throughout oylinder.

Tortanus- all at the bottom.

Eurytemora- svenly distributed thooughout cylinder.

An artificial moon was constructed by cutting down the light
from a 25 watt bulb with paronmént paper and a gresn gelatin filter
until it approached moonlight. The light from this moon was measured
at a height of one foot above the top of the jar with the E®ologiocal
Photomster and was found to be «00011% full noon Juns sunlight. A
Photometer measurement of sctual moonlight showed it to be «00018%
full noon Juns sunlight.

The speotral quality of actual moonlight is mostly green, with
blua, orangs and a bit of red. Ths spectral quality of the artifiocial
moon showed more green than real moonlight, along with blus,orangs,
and a bit of red. That is, the green guality of real moonlight was

smphasizad in the artificial moon.
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This moon was arranged so that it could be shifted to
different heights above the cylinder and thus different light intensitiss
could b2 obtained. Heights of % foot, 1 foot, 2 feet, and Y4 feet
were ussed so that the Inverse 8quare Law would apply. The idea was
to get the lowest intensity of light that would drive the copepods
definitely down in the jar. Under the influence of lizht of lower
intensities than this, the animals were found to becoms evenly distributed.
Hence we can assume that this faot accounts for their coming up nearer
the surface at night. It is mors of a case of fres will to go where
they please rather than a risé toward the light.

The following tablss show the results with low intensities.

CALANUS .
Ht. of moon Light Value (F.NeJd.8) Effect
4 ft. +D00006 &% none- even distribution
3 ft. .000012% none- sven distributim
2 5%, +000027% animals definitely down.

That is, the lowest light intensity that drives Calanus
defimitely down is .000027% full noon Juns sunlight , or very near

this value.

Tortanus.
Ht. of Moon Lignht Value (F«NeJ.S) Effestt
4 ft. +0000068% nons- sven distribution
2 ft. 00002 7% animals near surface
1 ft. «00011% animals lower in cylinder
3 £t +000L44% animals at bottom
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Thus for Tortanus the lowest light intensity that drives them definitsly
down is between .00011% and .00044% full noon June sunlight.

The artificial moon had no effect on Burytemora- it was of
too low an intensity. It was found necessary to uss a 100 watt Tungsten

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

Eurytemora.

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

2 ft. «075% none- even distribution
1 ft. 3% animals lower in jar

% 4. 1.24 . animals definitely @own

With low intensities as with sunlight and skylight, Calanus
gave the most definite reaction. They, as compared with the other
species, wers responsive to the lowest intensity of light. bf the three
species, Burytemora required the greatest intensity of light to bring
about a reabtion. The above results also show that Tortanus, whioch is
both positively phototropic and positively geotropic, rise to the surface
in lights of low intensitiass; i.e. with low intensities, their phototropism
is stronger than their gsotropism.

We have-

Calanus driven definitely down by light of .000027% F.NeJ.S.
Tortanus driven definitely down by 1ight of «00044% F.N.J.S.
Eurytemora driven definitely down by light of 1.2% F.N.J.S.

Aotual moonlight is .00018% F.N.J.S. Hence from the avove
results we would expsct to find both Tortanus and Eurytemora quite near
the surface of the water under moonlight conditions, and very few, if

any, Calanuse.



Summary

) 2J

1. In the three species under experimentation, the
relationship between light intensity and the distribution of the
copepods is one of reciproocals: the greater the light intensity
the more negatively phototropic are the copepods; and conversely,
the lower the light intensity the less nezatively phototropiec are the
copepods.

2. 0Of the three species Calanus gives the most definite
reaction and is easily the most readily affected by all intensities
of light. It is strongly negatively phnototropic.

3. Eurytemors is also nezatively phototropie dbut not
to the same degree as éalanus.

4. Tortanus is both positively phototropic and positively
geotropioc. Undsr the jnfluence of light of high intensities it aots
as though it were negatively phototropic. This is due to the
geotropie force exerting its influence. Under lights of low intensities
the phototropism of Tortanus is the stronger of the two foroes,
sinoe Tortanus rises to the surface under weak lights.

5« Neither Calanus nor Burytemora are geotropic.

6. Neither Tortanus nop Eurytemora are affected to any

great extent by moonlight- Calanus 1is.
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