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INTRODUCTION.

During the susmer of 1933 the stomach cont ¢ nts of fifteen
hundred herring were examined in order to determine what the food
consisted of during the susmer months when these fish are most
actively obtained by the fishermen in Fassamaquoddy Bay, New
Bruswwick. 1t was found that by far the most comson food, both
was Copepods. It
was aloo observed that the herring contained different amounts

in respect to quantity end nusvers of s

and different kinds of copepdds under different weather conditions.

As & result of the above observations it was decided to begin an
investigation during the surmer of 1934 with a view of determining
what factors make fne food available to the herring, or “ihere do
the herring ge t their food?" Accordingly it was déeided that.it

would be ne ry to study (u) the behavior of the food and (b)
the feeding habits of the herring themselv

Frevious investigations suggested that light is sn important
factor in controlling the bathymetric distribution of the planktonic
copepods. This observation is by no means new us it has long been
parts
of the world and an excellent review of the literature up to 1930
15 given by Kikuehi (1930). A1l literature up to the present,

observed by others in both fresh and sali wster in variou

no general explors ion of the phenomenon of diurnal

xy

however, gi

movements of these copepods but simply shows that it is nec

0 make o detailed study of the region in g uestion since the

apparent underlying ceuse in one region may not epply to another.
sccordingly an in

where the copepods are which constitute the food of the herring

tigation vas begun in order to determine
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in this region in different conditions of light. A preliminary
investigation was made in two ways:

(1) By collecting the food at the surface only, in different condi~
tions of 1ight, in order to see if the forms present st a definite
place actually did alter under different light intensities. This
was don: by colleeting samples at the same place (a definite station
entablished nbout 100 yards straight out from the Biologieal Station
wharf in the St. Croix river - station 1 on map), with the same

net (20 inch No.0), for the same length of time (10 minutes), snd
at the same time in respect to the tide (within § hour before high
weter), but in the following condition of light intensity: dusk,

extreme darkn: bright noon sunlight, weak moonlight, and strong

moonlight.

(2) By cellecting the food at four different depths simultaneously
ut under different conditions of 1ight intemsity in order to
determine the depths at which the various forms occur under the
following conditions of 1ight intemsity; bright sunlight, dusk,
starlight, snd noonlight, The four depths &t which the tows were
made were : surface, 2 meters, half-way to bottom, and close to
‘bottom. The only type of closing mechanism aveilable for the nets

were such that the nets were only closed while being raised and were

used only on the two deeper nets, thus introducing a possible sour

omewhat minimized by lowering the nets

of error which, however, was

as fast as possible. It is hoped to obtain a closing mechdmism for
both raising and lowering the nets in future work.

The nets used were 30 inch no,0 plankton nets, In the latter
part of the swmer one of the nets was very unfortumately lost
before the series was completed, As this could not be replaced
at the time it was necessary to use the only other available net .

which was & 20 inch no.0 net.’ This was used in the remaining &
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meter tows and so resulted in the s training of a slightly smaller

colunn of water, This fact was kept in mind in drawing final
conclusions. The red marks on Tables I to IV shows where this

was used.

The three looalities shosen for the tows are indicated on the
map as irince 848, irince 6, und H.¥. 42, The first station (prince
846) is in the middle of Inner Fassamaquoddy Bay snd was chosen
80 as to include the usually deep and cold water form - Calanus
finma chicus, Station Frince 6 is in the deepest yart of the mouth
of the Gt, Croix kiver and was chosen since it usually conteins
an abundance of Tortanus discaudatus, Acartia clausii, and Surytemoma
herdmani. The third station = H.F. 42 - is more or less inter-
medinte between the other two being neither as deep as iTince 848
nor ss brackish as Frince 6. In this way it was hoped to include
all the common Copepods which, from previous investigations, form
the outstanding food of the herring. A similar series of tows was
made at each of the three stations under similer light conditions

and were all carried out with the same motor-boat, at the same

speed (as judged by the nusber of revolutions of the engine), and

for the same length of time (10 min.).

Zach tow was preserved in 5% formalin and later trested as
follows: Total volume determined by settling in a graduste; placed
1in tall glass cylindrical jar and diluted to a known convenient
volume; thoroughly sheken 30 as to produce u homogeneous mixture,
and exactly 5 cc. removed by means of a Stempdl pipette; placed on
a specially constructed counting cell and the Copepods identified
and counted, Two counts were alweys made (except when there wes
80 1ittle plankton present that the whole tow wes counted without
making use of the Stempel pipette) and the rosults of the twe
counts were averageds
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Each Coperod was identified as to whether it mas male, female,
of identification of the fully formed or

or young, ¥or the purp
adult (male and female) Copepods the following suthors were useds
(a) Sars-*Crustacea of Norway". (b) Wilson-"Copepods of the Woods
Hole Region". (¢) Herdman, Thompson and Scott="North Atlantic
Plankton®. By the tem "young® Gopepod is meant ome which is
sufficiently ndvanced 8o as not to be confused with other species
but 1s not, however, fully developed. The six species of Copepods
here investigated were the only common free-swimming Copepods of
this reglon and after much practice the author beceme qudte able to
rapidly identify the: The 1ife histories of four of
th

speci

six species have been worked out (as far ss the author is

aware of), namely (1) Tortanus discaudatuse-by i.¥, Johneon-1934.
(11) Calanus ous=sby KeVe L (1v) Temora

longieorni, of

by Oberg=1006, The above literature was uade u:

for the identification of the young Copepods. Such identifiontion
was, however, not difficult s no very young forms were present
in the tows so that the young were sufficiently like the adults
80 ns not to be eanily confused, The size, shape of fifth leg,

and number of its. of urosome were the characters

mostly used for such deteruinations, The counting cell was so shallo|
that the Copepods ususlly laid on their sides thus cxposin; the

fifth 1
added to the contents of the counting cell greatly facilitated the

A drop of a dilute aqueous solution fo Mcthylene Blue

counting of segments and the recognition of the shape of the
£1fth legs, and other parts of the Copepods.

were also carried out 8o
a8 to study the behaviour of the individusl food forms in respect
tor

(



(1)s Their characteristic movements as they moved either toward
or away from light, To

this mbout fifty Gopepods of emch species
were placed in separate tall glase museun jars conteining water

at 13°%C, “*he experiments were carried out in the cool basement

of the laboratory where the temperature wao close to 16°C. The
outside of the jars were covered with black tar paper except at the
top and the bottom and a marrow strip at the side throigh which

the individuals could be observed. A 50-wntt electrie bulb was
first placed at the bottom of the jar for the forms to distridute
themselves accordinglys The bulb wes then placed close to the
surface and the movements of the forms observed (by means of a
hand lens) as they responded to the changed position of the source
of 1ight. The room wns in complete darkmess except for the

source of 11ght used in {he esperiments and which could be raised
or lowered by means of a pully én the ceiling.

(11). Thototropic behaviour.

Jxperiments were carried out im order to study the response of the
Copepods to different conditions of light. A "white-fish hatchery
Jar" wes blackened on the inside (to prevent reflection) eéxcept for

a narrow strip on o

through which the individusls could be

observed. This jar wns pleced inside

11ght proof box which had
a hole over the top of the yir so that the 1ight could pass into

the jar from above only. Ome side of the box wes missing and this
side was covered over with black cloth which could be draped over
the shoulders thus allowing onels head to be placed inside the box

and so to observe the Copepods, In this manner the light could

only enter the jar from mbove. The Mhole arrangement could be tipped
80 that the rays from the source of i lumination passed verti

11y
down the Jar. About ten individuals of the species under examinatior

—
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at the time were placed inte jar snd their resultant distridution
noted after having been exposed to the 1ight for five minutess
The temperature of the water in the jar was mever more than 2°C.
nhigher than that of the water of the 5ts Croix iiver from which
the Copepods had been removed st 1

t two hours previously,

IIT. Fhototropic behaviour at different temperatures.

Experiments were carried out to determine whether temperature
(between 6%and 15°C) had any effect in alterin: the yhototropic
behaviour. A ohallow dish-"finger bowl-and horizontal rays of
11ght (50 watts) were used. The dish was blackened on the inside
except for a small olit on one side and was placed inside a cylinder
of black tar paper which had & small opening through which the 1ight
could pa

By such an arrangement hslf the dish could be illume
inated while the other half remained dark, The water in the dish,
which contained the Copepods, was kept at the desired temperature
by placing the bowl in a still larger bowl containing ice and water
at the proper temperature. About tencopepods were used in each
experiment and after ten minutes the numbers of individuals ia the
lighted and darkened areas were counted. (a flssh-light suddenly
flaghed on enabled the counting in the dark ares.)

{1V). nffect of temperature on duration of life.

Experiments were oarried out to observe the effect of verious

temperatures on the duration of 1ife on the the intentior

Copejod

being that sueh results might be .pplicable to an understanding of
the effect of the environment on the Copepods at various depths and
at various times of the year. Ten individusls were placed in each
of five different pint jars filled with sea water from the locality
from where the Copepods were taken (off Biological Station wherf),

and hence avoiding any injlirtous: -ffe t due to change in salinity
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or p. Xach jar was placed in a separate compartment of & constant
temperature box, where the temperstures were constant st 0.7) 418;
103 14.73 and 21.3°C. All jars were kept open except for the one

darkn

at 0,7°C. Comple existed in the box hence any possible

injurious effect due to light was avoided, XLvery other day food
was added in the form of diatoms and part of the water was replaced
by fresh. The Copepods used were all adults and the time when the
1ast of the indieiduals in emech jar died was noted.

(VL). Reaction of male Acartia to different intensities of light
at 15°C,

Experiments were carried out to understand whether a form which

is attracted by bright 1ight is likely to have its rate of movement
toward 1ight dependent upon the light intensity. For this purpose

only adult male Acartia were used. Two hours previous to the

experiment ten individuals were placed in & tall glass museun jars
containing water at 15°C. The experiments were carried out in

the basement of the laboratory where the temperature was close to
16°C., so that the temperature of the water varied but little. The
room was in darkness except for the ome souree of illuxination- a 50
watt bulb., Two pleces of string were tied around the jar at a known
distance  apart. The Acartia were drewn to the bottom of the jar

by placing the 1ight at the bottom. The bulb was then quékkly
raised to the desired height above the jar and the time taken for
one individual to move between the two strings determined by mesns
of a stop-watch. Ten readings were taken with the bulb nt surface
2, 4, nnd 6 feet. As the intensity of light varies inversely ms the
square of the distance it was thus possible to ppoduce different
intensities of 1ight with the same bulb by sltering tne distance

of the light from the surface of the water.
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Reeding of the herring.

The "sardine” size herring of commerce are being kept in
tanks of running sea water, both during the susmer and winter and
observations made on their fecding habits. During the past summer
and winter their feeding was studied in relation to light, temp=
erature, and nature of food, 8o that the results might be arplicable
to an understanding of the feeding of ‘he herring inm nature.

The herring were kept in a tank of the following dimen-
sionss length-72.5 inches; width=37.5 inches; depth=24.25 inches.

water kept the tempersture close to 13°C. during
the summer when o

rvations were made on their selection and
method of capture of food, ¥or illumination a 60 watt bulb was
placed 3 ft. above the center of the tank.
8 suall “search 1ight® was made using a 50 watt bulb and
a planoconvex lens. Jood was dropped into the tank in the form of
mashed Meganyctiphanes norvegica and it was noted where the herring
seized the food particles under different directions of illumination.
In order to understand the feeding of the herring in nature

at different Semperatur

experiments were begun with this end in
view, the intention being that any results obtained might be applicab
to an understonding of their feeding both at different depths and

at different seasons of the year, Three fish were used nt each
temperature (3% 4.5% 8% and 13°C.). Three fish were carefully
removed from the main tank in m bucket of sea water and transferred
%o a susller tank in wiioh the experiments were conducted. This
smaller tank was thickly insulated with cork and the inside water
dtme:

ions were 18 x 19 x 20 inches, This tank also contained
running sea water at 13°C. The fish, when first placed in the tank

were quite tinid and refused to eat but after a period of two days



they would accept food ireedily. IHence the fish were left along
in this tank for at least two days Before the experiment was
conducted. The incoming ses water first passed turough a U-shaped
sluminum tube before entering the small tank, This tube rested
horizontally in a large wooden box containing a freexing mixture

of ice, salt and water, which could be so proportionately mixed

a8 to cool the incoming sea water in the aluminum tube to the
desired @emperature, By this method and by regulating the flow
of inconing water, it was possible to cool the water in the suall
tank to as low ns 3°C. lence the water was rapidly cooled to the
desired temperature and kept at that temperature for two hours,
during which time the food was offered to the fish (by means of a
large pipette at the surface) in the form of desd Calanus and
mashed Neganyctiphanes norvegica. The fish were then removed and
Tved in 10% formalin, and the stomach contents later exmined.
It is realixed, howéver, that by the above metnod the

pre

herring experience more rapid changes in tempersture than would
occur due to the cooling of the water at any depth as a Fesult of
change of season, although the fish could experience such rapid
temperature changes by swimming to greater depths even during the
summer. Accordingly it was decided to broaden the significance

of the above results by keeping the herring in the tanks throughout
the winter and to make similar observations as the temperature of
the inconing sea water lowered maturally with the coming of winter.
This latter experiment has been carried out during the past winter
during the author's absence and the results which are being kept for
his return are hence not available at the time of writing.
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RESULTS AND DISCUSSION
Behaviour of the food.
(1) Collection of the food at surface only.
The results of these tows are given in Table I.

A surmary of
these results is given in the bable below:

Tig) e ) T Gon!
1 S 1, Moonlight
420 900 8,100 34,600 65,800 95,000 54,540

This summary shows that there is a tremendous inore

in the
total number of Copepods at the surface in conditions of light

weaker than sunlight. As all the tows were taken at the same

place, for the same length of time, with the same het, and at
the same time in respect to the tide then the only variable factor

is the 1ight intensity. Hence, evidently a considerable migration

has taken place to the surface from the lower depths as the light
intensity decreased from sunlight to starlight. This would suggest
that the forms which were repelled from the surface by strong light

are now attracted there by weaker light. The greatest number of

individuals present at the surface at any one time was during bright
moonlight when there were 29,200 more than during starlight when the
next greatest number was present.

As the table shows, two tows were made during the bright sun-
1ignt, but one

carried out two hours before noon(10 m.m.) and
the other at a much later hour (6:15 p.n.), the former showing more

than twice s many individuals at the surface. With the exception

of Calanus there were more of each species present in the earlier

part of the day than during the later part. Bsterley (1919), while

working with Acartia, found these animels largely on the bottom of
® glass tube when kept:dn the dark durihg the day but from 68 pum.
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there was a noteworthy ine:

in the animals toward the top even
when the surrounding conditions were kept the same ns before. He
10 quite positive in that, in Acartia at least; the raythm of

the animals ought to be considered as the primary cause affecting
the upward movement in the eveming. He also believes that there
is some evidence for a similar condition in Calanus, Just how far
such a possible rhytim is influential in controlling the distri-
bution of the Copepods here studied is as yet not known, Further
in

tigations will go into this question by making = series of -

tows extending over a period of twenty-four hours and &

by
making a further laboratory controlled experiment,

The change in the numbers of each species at the surface under
different conditions of 1ight can be seen from Table It
alanuss

Adult specimens only occurred at the surface during moonlight.

Young cnes were only present in large numbers during weak light, non

at all being present during sunlight except at 6115 p.m. when a few
were present.
Essudocalanys:

Adult mal

only occurred at the surface during weak light, the
greatest number being at dusk and the least during bright moon=
1ight. Adult females occurred at the surface at all times there
being, however, a large imcrease during weak 1ight. The greatest
number occurred during bright moonlight and the least during brignt
sunlight. The young forms were nlso pr

nt in greatest numbers
during weak 1ight, the greatest mumber occurring during bright
moonlight and the least during sunlight,
Temora:

This form was searcer at any time than were the other forms.
Only adulte occurred and these -ere never present during bright
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ounlighti The adult males were mostly present at dusk while the
adult female only ocourred during moonlight.

Surytemoras

These ocourred in greatest numbers during weak light. The
adult males ocourred in vast numbers during bright moonlight,
whereas the smallest numbers occurred during bright sunlight. The
adult females occurred in the same way as the males Bhere being,
nowever, at all times a smaller number. The same may also be
sald for the young individuals, there being still less at all
tines
Acartias

This fom, which is probably the most abundant Copepod in
this Yocality, was found at the suffece at all times., Adult
males, females, and young were most abundant during sterlight and
lenst so during bright sunlight. In all cases the young were
less sbundant than the adults. The table suggests that the time
of the day may be quite important in commestion vith the distri 3
bution of the Hrms, as mentioned previously, since the two taken

. shows over nine

at the surface in bright sunlight at 10
times as many adult females s ndult msles, in addition to a
number of young, while the tow taken at the surface in bright
sunlight but at 6:15 p.n. shows now three times as many males as
feuales and no young at all, It is proposed in future to measume
the intensity of the 1ight by means of a sensitive photometer and
elso to determine the degree of penetration of light into the
water in addition to plans mentioned previously.
Zortanuss

This frm is also usually very sbundant at this vieinmity.
kales, females, and young were all most abundant during weak
1ight and least so during strong light (sunlight)s The adult
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mal, showed & maxium abundance during bright moom=-
light the males being, however, at all times considersble more

abundant than the femnl

The young were most sbundent during
starlight and, with the exception of bright moonlight, they were at
811 times more sbundant than the edults.
Hauplii:

As the writer does not feel capevle at this time of identifying

with certainty any of the Neuplii (larval Copepods) found 1a th

tows they have simply been designutcd as unknown nauplii and are
being preserved for Puture identification. Neuplii here only ocour
during faint sunlignt (sun covered by a thin layer of cloudsj.

(2). Verticel distribution of the food under different conditions
of 1ignt

The results of the tows trken simultaneously at four different
depths but under different light conditions are given in Tables II
to IV 2nd show the results from three different stations:
H.P.STATION 42 (Table IT):

Galanus:

No adult males were found mt any time.

The adult femiles vere only found at the surface during star-
11ght, otherwiss occurring at the bottom during sterlignt, vhile at
7} meters and at the bottom during moonlight.

The young, which occurred at all depths during dusk and darke
ness, showed a maximus distribution at 7.5 meters at dusk, although
if a larger net had been used at 2 meters it is possible that the
largest amount would have occurred there. In any case the maximum
was abowd 7.5 meters. During starlight these young now showed a

maximm near the surface, while during moonlight they were equally
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distributed at 2 and 7.5 meters.

In general no Calanus were present at any of the four depths
during sunlight. There of course still remains the possilllity at
the depths not sampled. In futtre investigations an oblique (com=
prehensive) tow will also be made to determine this. It seems,

however, that these facts show that Calanus tend to uove up toward

the surface as the 1ight intensity decreases. Jurther investi=

gations are required to compare the effect of moonlight with other
11ght intensities.
Eseudoocalanuss

The adult male occurred in appreciable numbers at the surface
during starlight snd moonlight, ite maximua being at 7.5 meters dur-
ing sunlight and at the surface during moonlight.

The female hod its maximum at the bottom during sunlight, while
1t tended to become more evenly distributed up to the surface
during dusk, starlight, and moonlight.

The young were not as abundant as the adults, but always
oceurred within 7.5 meters of the surface where they were most
abundant during weak 1ight, Their maximum was slways within 2

ers of the surface.

In general, this form occurred at all depths at all times,
the male seeming to be scarcer at any time and any place than the
female, The young always occurred higher up than the females,
Zemoras

This form wis relatively scarce here at all times, and only
adult females were found. Their maximum during atarlight was ot
the surface, while during moonlight they occurred uniformly from
7.5 meters to the bottom. Their occurrence at this Stati
in such small numbers that nothing definite can be concluded.




Surytemora:
Adult males were only present at 7.5 meters during dusk and
at 2 and 7.5 meters during moonlight, while at all depths during

starlight, at which time they shesed a maximum, within 2 meters of
the surface.

Adult fesales were only found mt the Lottom during suhlight.
They showed a maximum at the bottom during dusk although present
in appreciable nusbers ot @ and 7.5 meters. During moonlight the
maxiuum was at 7,5 meters while present in nppreciable numbers at 2

and 7.5 meters. During starlight they now showed & maximum at the

surface and were present in large numbers at the other depths.

The young were not found at any depth during sunli,ht, showed
a maximum at 2 meters during dusk and moonlight, whiile only presen
in large numbers within 2 meters of the surface during starlight.

In general these facts show for the sdult female that. they
move progressively closer toward the surface as the light changes
in the following orders bright sunlight, dusk, moonlicht, and star
1ight. It seems that Surytemora is a form which prefers very weak
1ight intendities never having been found anywhere mear the surface
during bright sunlight, snd weak 1ight causes thes to move up=
wards reaching the surfece only during starlight. The maximum of
The

the males was never as high up in the water as the femal
young were never found in large numbers below 2 meters and possibly

preferred a higher 1ight intensity than the adults at all tim
Acartia:

The adult males were only found at 7.5 meters during sunlight.
At dusk none were at the surface when their maximum was at 2 meters

while they occurred in decreasing mumbers with increase in depth.
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During starlight their maximm was at 2 metors slso, but now they
were in large numbers also at the surface, below 2 meters they
occurred in decreasing nusbers, Juring moonlight only a few were

at the surfa

while from 2 meters down they were =ore or less
evenly distributed.

The adult femnles showed a waximum at 15 mete

during sunlight
although they occurred in almost s great numbers at 2meters, while
they occurred in least nuubers at 7.5 meters. During dusk their maxe
imum had roved up from 2 to 7.5 meters (remembering that the figures
shown for 2 meters were probably less than was actually the case

due to a smaller net opening being used), while the ninimum was

now 8t 15 mefer:
further now being at 2

During sterlight the maximum had moved up still

ers with large numbers ~1so occurring

at the surfacej from 7.5 weters down they were wmuch 1.

abundant,
being at a minimun at 1 meters. During moonlight their maximum
wes at 7.5 meters and ninimum at the surface while they ocourred
in appreciable nuubers at 2 and 15 meters.

The young were only jresent at 2 meters during sunlight and
dusk. During starlight thelr gaximus vas also at 2 meters and least
at 15 meters while an appreciable mumber ooourred at the surface.
During moonlight they occurred largest in numbers at 7,5 meters,a
few nleo being present at 2 and 15 mete:

In general, this form was never found at the surface in large
numbers except during starlight. They were always found, however,
in largest numbers down to 7.5 meters, while some always ocourred
at the bottom (15 meters). The males were nlways less plentiful thar
the females. It would seem that males, femn:

and young avoided

the surfece except during starlight when their maximum was ®ithin
2 meters of the surface, wiile st intensities brighter thag star-

146t tney preferred depths from 2 to 7.5 meiers.
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Zortanus:

The mature males were only found at the bottom during bright
sunlight. During dusk it had moved upward being present in
appreciable numbers at 2 and 7,5 meters with its maximum still
at the bottom. During starlight it was most abundant at the
surface occurring in lesser numbers at 7.5 und 15 meters. During
moonlight no large mumbers were found at any depth, sugcesting that
they were at some intermediste depths not saupled.

The adult females showed a maximum at the bottom during sunlight,
occurring in lesser numbers at 7.5 meters. During dusk they had
spread up to 2 meters, occurring in progressively greater numbers
from here to the bottom. During starlight they were in largest
numbers at the bottom, oceurring in mext gremtest numbers at the
surface ans still less at 7.5 meters. During meonlight a few
occurred at the surface, twice s wany at 2 meters, while eight

times ns vany at 7.5 meters and 15 meters.

The young were only found at the bottom during sunlights
During dusk they were at a maximum st 7.5 meters, occurring in lesser
nusbers at the bottom. During st rlight they were in greatest numbess
from the surface down to 2 meters, very few ocourring at 7.5 meters,
with an appreciable mumber at the bottom. During moonlicht they

were found only at 15 meters, probably also existi t inter-

mediate depths not sempled.

In general, they were all found in greatest numbers at the
botton during sunlight, never occurring in appreciable numbers
above 7.5 meters. During wemk conditions of 1ight (dusk, star-
1ight, and moonlight) they tend to move toward the surface, only
reaching the surface in large mumbers during starlight, The
feunles were at all times more sbundant than the males. During
sunlight and moonlight the feuales extended higher up than did
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the males, while during dusk and starlight they existed nt the
same depths. The young existed near the bottom at all times only
extending to the surface during starlight.
Unknown Copepod nauplii were found during dusk, starlight,
and moonlight at 2 meters, being most abundant during starlight.
A few were found at the bottom during dusk.

Prince Station 848 (Table III):
Salanug:

The adult males were only found during starlight, and in
small numbers, at 20 meters and at the bottom (40 meters) and so the
results are of little comparative velue.

Adult females were found at the bottom only in large numbers
during bright sunlight. During starlight and moonlight they were
found in emall numbers at 20 meters, suggesting that some at
least hed moved upwards during weak light.

The young showed a maximum at 20 meters during dusk, with
a somewhat le

r number at the bottom and a few at the surface.
During starlight and moonlight an appreciable number ocourred at the
surface, increasing in number with depth wntil a maximm occurred
at the bottom.

In general, only the young were present at this locality in
sufficient nusbers so

to make the results of any significan
These were only found at the surface in 1ight wesker than sune

1ight (the two occurring during sunlight being of little sign=
ificance) and then they occurred in greatest numbers from 20 meters
to the bottom.
Lseudoealanue:

The adult males were not found in significent numbers,

The adult females we

precticslly entirely limited to the
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bottom during bright sunlight. During dusk their maximup had
moved up to 20 meters, being found in appreeiable mumbers both
and at the bottom. During starlight their maximum
wes at the bottom with second largest mumbers at 2 meters, and

at the surfa

an appreciable number at 20 meters and at the surface. During
_moonlight they oceurred in increasing numbers from the surface down
with the maximum at the bottom.
The young
1ight, while at 2 meters at starlight.
In general, only the femal

only found at 20 meters during dusk and moon-

oceurred in large numbers. These

were at all times mainly ligited to the depths fron 20 meters to the
botton some, however, tending to move up to the surface in lights
weaker than sunlight, Further observations are necessary in order
to determine why the maximun was at 20 meters during dusk, while

at all other ti) it wes at the bottom, The young seemed to limit

themselvew closer to the surface than did the adults at all times,
coming nearest to the surface (2 meters) during starlight.
Zemoras

Only adult females were found but never in large numbers.
These were scarcely present during sunlight at any depth either due
to the depth at which the tows were teken or tothe possibility
of their scarcity at the time, Further investigation is necessary
in connection with seasonal fluctuations in abundance, In any
case they occurred at the surface during dusk, starlight, and moone
1ight, occurring close to the bottom during dusk and starlight in
small numbers.

In general their maximum sbundance was within 2 meters of the
surface during weak light while they were not found appreciably
at any depth during sunlight.



Burytenorat

o adult males were found during sunlight at any depth.
During dusk their maximum wis at 2 meters, also occurring in
appreciable mumvers at the surface. During starlight their maximum
was also at 2 meters ocourring in much lesser nusbers at 20 meters
and at the surface. During moonlight they occurred in slightly
increasing numbers from the surface down to 20 meters.

The adult femal

e prectically limited to the bottom
during sunlight where they occu'red in large numbers. During dusk
their maximum was at 2 meters, occurring also at all other depths,
the minimm being at the surface. During starlight the maximum
was also at 2 meters, occurring in appreciable numbers at all
other depths, During moonlight none were at the surface, the
maximum now being at 20 meters, while occurring in appreciable
numbers at 2 and 40 meters.

No young were found during sunlight at any depth. During
dusk the maximum was ot 2 meters - a few alse occurring at the
surface, During starlight the maximm was nt 2 meters - ocourring
also st the surface and at 20 meters, During moonlight the
maximm was ngain at 2 meters - also occurfing at the surface and
at 20 meters,

In general, the adult male was entirely limited to the upper 20
meters during dusk, starlight, and moonlight, Leing espeéially
abundant in thé upper 2 meters during dusk and starlight, while
during moonlight it extended down to 20 meters, This sug ests
that the wesk 1ight condition of dusk and starlight emables it to
remain closer to the surfrce than moonlight. The adult female was
found at all times on the bottom, being practically entirely limited
to this depth during sunlight, while during weaker 1ight it tends
to move up towa:d the surface, being particularly abundent at 2
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meters during dusk and starlight, while at 20 meters during
moonlight} this suggests that the femele also can remain closer to
the surface during dusk and starlight than during moonlight, or
sunligit. During dusk, starlight, and moonlight, the young had

their maximum at 2 meters and e never found at the bottom; As

their maximum was higher than that of both adults during moon=
1ight, it suggests that they enjoy a higher light intensity than
do the adults.
Acartia:

The adult male was not found appreciably at any depth during
sunlight, During dusk, starlight, and moonlight, they were present
in teemendous mimbers at 2 meters, being next in abundance at the

surfae

and in still less numbers at 26 meters. They only occurred
at the bottom during dusk.

The adult female only occur-ed in appreciable numbers at #
meters during sunlight, when it was not comperitively mbundant,
During dusk and starlight they occurred at all depths with the
maximum at 2 meters, being next in abundance at the surface, thirdly
at 20

ters and least of all at the bottom. During moonlight the

mexim m was at 2 meters, occurring next in sbundance at 20 meters,

thirdly at the surface with none at the bottom.

The young were not found appreeisbly at any depth during
sunlight, During dusk the maximum wes at 2 meters, oceurring in
considerable less numbers at 20 meters and at the bottom., During
sterlight $hd maximun wos at 2 meters, being next in abundance at
the surface, thirdly at 20 meters, and a few occurred at the
bottom, During moonlight the maximum was at 2 meters, next at 20

ers, thirdly at the surface, with none at the bottom.
In general, it seems that whenever this form is found in any

abundance 1ts maximum is at 2 meters and minimum at the bottom,
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During weak light at lesst, it is largely found in the upper Z0
meters, being relatively scarde at the bottom during dusk and
starlight and entirely absent during moonlight, No significant
s noticed.

difference in behaviour between male, fema and young

Zortanus:

The adult male was oply found in significant numbers at the

bottom during sunlight, During dusk the maximum was at 2 meters,

being next in abundance at the surface, and eccurring in much les
but equal numbers at 20 meters and at the bottom. During starlight
the maximum wee at the surface, Leing absent at 2 meters, and ocecur-

ring in lesser numbers from :0 meters to the bottom. During moon-
light its maximum was at 20 meters, while it occurred in equal
numbers at all other depths.

The adult femnle adso only oceurred in significant mumbe

at the bottom during sunlight. During dusk its maximum seemed to be
from 20 meters to the bottom although it is possible that had the
largest sized net been used at 2 meters the maxisum would have
occurred there. In ahy oase the results indicate that this form
moved upward during dusk occurring also in large nusbers in the

upper 2 mete: During starlight the maximum was at the bottom

at the surface and at 20

with large numbers occurring al

8y
none having been found at 2 meters. During moonlight they occurred
in incrensing numbers from the surface to the bottom.

Yo young were found anywhere during sunlight. During dusk
the maximm was at 2 meters and the minimum at the surface with
significant numbers at 20 meters and at the bottom. During starlight
the maximum also occurred at 2 meters with very few at the bottom.
During moonlight the maximum was at 20 meters, being next in
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abundance at the bottom, while being very scarce st 2 mebers.

In gemeral, the adult male remained ut the bLotion during
bEight sunlight, while it moved upward during wesker 1ight showing
1ts maximm at 20 meters during moonlight, while in the upper 2
meters during dusk and starlight. The adult femalo suowed it s
maximum at all timex in the deeper water (20 meters to the bottom)
being only present at the bottom during sunlight and extending up=
ward to the surfuce during wesker 1ight. The young never showed a
maximm at the botion as did the adults, showing & maximum at 2
meters during dusk and starlight, while st 20 meters during moome
1ight. Hence 1t would seem that the young and the adult male
preferred a higher light intmnsity than did the adult femsles.

Unknown neuplii were found both fmee and euclosed in the egg,
and were prese:ved for future identification.

Frinee Station 6 (Table IV).
Gnlanuss

The adult male and feuale were only found during moonlignt and
in small numbe s and occurred at £ and 16 meters with the maximm
at the latter.

The young were found only at 15 meters and at the bottom during
bright sunlight, with the maximum at the bottom. During dusk the
maximum had goved up to 15 meters, cceurring in aext greatest
numbers at 30 meters and then at the surface. During starlight
the maximm was now at the surface, oceurring in lesser numbers
at 16 meters while entirely absent st the bottom. During moonlight
they were only found at 15 mete

In general only the young vere found in comparative quantities,

This was present only in the deeper water déring sun)ight veing most
abundant at the bottom, while during dusk and starlight it extended
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up to the surface being most abundant there during starlight.
Zseudocalnnug:
The adult male was relatively searce at all times, only

occurring in large quantities at 2 metere during starlight.

The ndult femanle

8 only found at 15 and 30 meters during
sunlight, the maximum being at the bottom (30 meters). During

dusk the maximum was et 2 meters ocourring in lesser numbers at

the bottom and then at the surface. During the starlight the
maximus was also at 2 neters, with very large mmbe s also ocourring
at the surface, while they
During moonlight the meximum was now nt the surface, being

‘e considerably scarcer at 15 and 30

mete:

next in abundance at 15 meters, with less at 2 and 30 meters.

The young weie not found anywhere during sunlight, showing a
maximm at 2 meters during dusk and starlight, while at the surface
during moonlights

In gonersl, the adult females were found at the bottom at
all times, the naximum, however, only oceurring there during sug-
11ght. During wenker 1ight they moved up to the surface with the
maxisum at 2 seters during dusk and starlight, while st the surface
during moonlights The young behaved in regard to ite maxizum as
did the female adult, differfag from the latter, Lowever, in nwver
being found at the bottom (not found during sunlight.)

Temoras

The only occurrence of the adult male was during bright
sunlight and at the bottom.

The adult female was not found anywhere during bright sum-
1ight, During dusk it was only found at 2 meters, During starlight
the large majority were found in the upper 2 meters with a much
lesser number occurring wt 15 meters. During moonlight they were
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only present, and in small numbers at 15 meters.
The young were found: during duek st 15 meters, during

starlight at 2 meters; and in searce nusbers during moonlight at
the bottom,

ult female occurred at more than one

In general, only th
depth at any one time, and then during starlight when its maximum
occurred in the upper 2 meters, All that can be said is that tne
male was entirely on the bottom durimg bright sunlight; the female
was in the upper 2 meters during starlight, while the young were
nearer the surface $2 meter:) during starlight than during dusk
(15 meters).

Burytemora:

The adult male was only found at 15 meters during sunlight, and
at 2 meters during dusk. During starlight the maximum was at 2
meters, being next in abundance at the surface and at the bottom,
with the least at 15 meterss During woonlight they occurred in the
following order of abundance: 15, 30, and 2 meters, with none at
the surface.

The ndult female showéd & maximum at the bottom during
r quantities ot 15 meters, while very

sunlight, ocourring in le
rare at 2 meters, During dusk the maximum hed moved up to 15
meters, ocourring also but in lesser mumbers al all other de;ths.
During starlight they showed & maximm at 2 meters, being very
abundant at the durface and less 80 at all other depths. During
making

moonlight the maximum had moved back down to 15 meter:
them more abundant in the deeper water than in the upper 2

No young were found either during sunlight or moonlight.
During dusk they only oecurred at 2 meters. During starlight their
maximum wos also at 2 meters, ocourring in less but similar

condndl S oy
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numbers at the surface and the bottom.

In general the adult male was only found in large numbers
at more than one depth during starlight and moonlight when the
maximum was closer to the surface (- meters) during starlight
than during moonlight. The ndult female showed a maximum at
the bottom during sunlight, movin up to 15 meters during dusk,
#till closer to the sur:

during starlight, while tending to
move down deeper during moonlight, The youn were only found
during dusk and starlight when they were at & maximum at 2
meters. Hence it would seem that for the adult male and fehmle

at least a (reference is exercised for very wemk light intensit ies
ocourring o

't to the surface during starlight, whil

fatther
down during moonlight and dusk, and for the female at lenst,
nenreat the bottom during sunlight, The y ung nleo preferred weak
1ight occurring closer to the surface during starlight than during
dusk,
Agartias

Adult males were only found in appreciable mumbers at 15
meters during sunlight. During dusk the maximum was st 2 meters,
ocourring ‘n much lesser numbers nt 15 meters. During starlignt
the maximym was at 2 meters also, occurring in large numbers at
all other depths, iucluding the surface for the only time. Jurfng
moonlight the maximum had moved down to 15 meters none ocourring
at the surface, wiile occurring next in abundance at 30 meters snd
then &6 2 meters.

The adult female was only absent from the surface during sun-
1ignt vhen 1t was mlmost entirely limited to the deeper water
extending from 15 meters to the bottom with the maximum nt the

bottom. During dusk the maximm was nt 2 meters with less OCCUTTING
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ot 15 meters and a few at the surface. During xtarlight the
maximum wes 2 meters but large numbers also ocourred at the sur-
face and at the bottom with the minimus at 15 meters, During
moonlight the maximum was at 15 meters, with considerable nuubers
occurring at all other depths. The young were only found in
sbundence during dusk and starlight when their maximum was at 2
meters.

In general the adult male wes only found at the surface
during starlight, with its meximum at 2 meters during starlight and
dusk while at 15 meters during sunlight and moonlight., The adult
female was only absemt from the surface during sunlight with it s
maximum at the bottom, while during moonlight the maximum had
moved up to 15 meters, while during dusk and starlight it had
moved up to 2 meters. Hemce, for the adults at least, it scems
that bright sunlight repels them to the deeper water, while they
move closer to the surface during moonlight, and still closer
during dusk and starlight when they may be found in 1-rge numbers
in the upper two @eters. No significant difference wos noticed
between adult males, females, or young.

ZTortsnuas

The adult gale only occurred in appreciable numbers in the
deep water during sunlight, showing a miximum at 15 meters and oceurs
ring in large numbers at the bottoms During dusk it had moved up
to the surface where it ocourred in large numbers, increasing, how=
ever, with depth down to 15 meters, while the minimum ocourred at
the bottom, During sunlight the maximum had moved up to Z meters,
being next in abundance at the surface, next at the bottom, with
the minimum at 15 meters, During moonlight they occurred in

largest numb

at the surface and at 15 meters, being next in
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abundance at 30 meters with the minimum at 2 mete:

The adult female was found at all depths during sunlight,
being very scarce at the surface, appreciable at 2 meters, whik
exceedingly abundant at 15 meters and 30 meters, the maximum
being at the latter depth. During dusk the maximum moved up to
15 meters with seeond largest numbers at the boitom, while large
numbers now occurred at 2 meters and at the surface. The maximum
was at the surface during starlight, with largé numbers ocourring
at all other depths. During moonlight the larg
at the bottom and surface, the next being at 15 meters, and the

t nusbers occurred

.least at 2 meters.
The young were found largely in the deep water during sunlight
with the maximum at 15 meters. During dusk the maximm wis also

at 15 meters, but large numbers were also found at 2 meters and

appreciable numbe:s at the surface and bottom. During starlight
the maximum was at 2 weters, being next in abundance at the
bottom, while large numbers occurred both at the surface and at 15

meters. During moonlight tre maximums was down to 15 meters as it

wes during sunlight, being nc:t in abundance at 30 meters, while
1% oceurred in appreciable numbers in the upper 2 meters.

In general the adult male was limited to the deeper water
(from 15 meters down) during sunlight, extending up to the surface
during all weaker conditions of light, with the maximm at 15
meters during dusk, at 2 meters during starlight, and at the sur-
face during moonlight. The adult femnle wes present at higher
levels during sunlight than was the adult male, it being mainly

1imited, however, to the deeper water, while during all weaker
conditions of 1ight it extended up to the surface with its stromg-

est numbers at 15 meters during dusk, and at the surface and botton
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during starlight and moonlight. The young was also mainly limited
to the deeper water during sunlight vhen its maximum occurred at 15
meters, while it extended up to the surface during all weaker
conditions of 1ight, with its maximum at 15 meters during dusk

" and at 2 meters during starlight, and at 15 meters during moon-
1light. Hence, it appears that this form prefers the deeper depths
during bright sunlight, moving up to the surface during all weaker
conditions of 1ight, coming closer to the surface during starlight

and moonlight than at dusk (i.e. the adults at least). During
sunlight, at least, the adult females came closer to the surface
than did the adult male

Further investigations are necessary
in order to deteruine why the young were mainly distriluted deeper
during moonlight than either of the adults.

Prince STATION 61
Table V shows the results of the successive tows taken
during bright sunlight at a time when the young were be}ieved to
be abundant in order to compare their behaviour with the adults.
Calanuss
Only young oceurred during bright sunlight when they werer
found only in deep water with twice as many ocourring at 15 meters
as at the bottom.
Zseudocalanus: .
The adult male was only found at 15 mete

The adult femsle occurred from 5 meters to the bottom with

the maximum at 15 meters and équal numbers at 5 meters and the

bottom.
The young shoved & meximum nt 15 meters with next greatest

numbors at 5 meters, and the lemst at the bottom.
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fence, in general, it seems that during bright sunlight
both adults and young enjoyed a maximum st 15 meters, with the
adult femrles extending nearer to the surface than the adult
wales. No difference was exhibited between young =nd adults.
Zemora:

The adult males were only present in the deeper water
being equally distributed at 15 meters and at the bottom.

Ko adult females were found.

The young were found only at the bottom.

In general, the adult meles extended higher up than did the
young.

Eurytemora:

The ndult males were found at all depths being most abundant
at 5 meters, next at the botton, then at 15 neters, with the
minipum at the surface.

The adult females were not found at the surface at all,
the maximum being at the bottom, while they decreascd in numbers
upwards to 5 meters.

The young were found at all levels with the maximum at B
meters, being next in abundance at the surface, next at the bottom

while the minimum occurred at 15

ers.

In general, the young were found in proportionately grenter

numbers in the upper 5 meters than were the adults, with the main
distribution of the ndult females being largely deeper than the
adult males,
Acartia:

Both young and adults were found at all depths and they all
showed a maximum at 5 meters, being next in abundance at the sur-

face, then at 15 meters, with the minimum occurring at the bottom,




31
Hence, 1t would seem that this form is sble to withstand
high intensities of 1ight, and no outstanding dif’erence was
noticed between young and adults.
Zortanuss
No ndult males oceurred at the surface, the maxizum occurring
at the bottom, wnile they were mext in mbundence at 5 meters
and lenst at 15 meters.
The adult females wlso showed n maxizum nt the bottom decress-
ing in mumbers upwards to 5 meters, with none at the surface.
The young occurred at all depths with the maximum st 5 meters,
being next in sbundance st 16 meters, next at the bottom, and
the minimm st the surface.
In general, only young were found at the surface and their
maximum was consideravly higher up (5 meters) than either of the

adults (at the bottom=30 meters).
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LABORATORY EXPERINENTS

Controlled laboratory experiments were carried out so as to
study the behaviour of the individual food forms in respect to:
(1) Charactoristic movements as they moved either toward or away
from the light.
Acartias

Some quickly moved toward the light until they reached the
surface, while others moved more slowly toward the light but did
not reach the surface seeming to be content to remain at a depth
of about onSequarter of the jar from the surface. That is, they
moved either quickly toward the source of light and reach the

surf

or move slowly toward the source,

ening to be content
to remain in the upper lighted region of the jar, without going to
the surface. No difference as regards to sex or age of individuals
could be determined on removing individuals exnibiting either the
slow or rapid movement,

The more rapid movement was a complished in either of two
ways:
(a) Short jerky movements probably using urosome by inelining it
up and down, Jy sueh a the end 1s
toward the source but the resulting path followed is somewhat

zig=zag.
(v) Straight gliding movement toward the source with urosome motion=
1

and probably only using legs.
The slow type of approach toward the 1ight was accomplished
thuss

(a) Bhort jerky movement with dorsal surfece toward sources
B Lot

—

St
S
g
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Position 1 to 3 accomplished by a slow and slight tilt of the body
while positions 4 to 5 by & quick f1ip of urosome downwards, some=
times remaining for some time in any ome position.
(b) As above but no urosome motion.
Burytemora (female)s

ovement was distinctly different from Acartia in that it
never assumed a horizontal position with the dorsal surface toward
source of 1ight. Due to the fact that most of the females were
earrying egge in their characteristic manner under the urosome,
1t was thought perhaps the weight of the eggs caused the urosome
to sink downward. However, this was found not be the case as
females without eggs ncted in the same manner, Their movements
toward the 1ight are: (a) Moves in & straight lime by a series of
moveménts thus:

Ge—souper
- -- armacr

’ NorE .

g- | - areer _—

- - a1 heST

2
3
While at rest the urosome remains perpendicular, while'the

actual movement is sccomplished by & movement of the urosome
dorsally only (efe=Acartia), 7The positions of rest may last

long enough to be quite noticeable or it may move with a series

of movements of the urosome without any apparent periods of

rest,

(b) The accasional one was seen to wall along the surface of the jar,
(Not so in Acartia). (e) Short rapid darts during which no urosome
motion was visible. This movement was especially apparent when

they came into contact with another Copepod from which 1t would

rapidly dart away. (d) Made sudden rapid movements from side to

side of jar and not necessarily toward light, flipping the usosome
dorsallys It was alvays apperent that this form moved with the
"
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anterior end toward the direction of movement.
Eurytemora (male):

In their region of optimum intensity their locomotion conelst-
ed of slow steady movement in no particular direction. They moved
for a considerable distance with anterior end i direction of
movement and urosome stretched out motionless. Hence evidently

only the appendages were used for locomotion. While motionless the

same position is maintained (of. Tortanu
The direction of motion could be suddenly changed by a quick

movement of the uros either dorsally or ventrallyk Waile

moving or motionl the antennae (1st.) remained curled downwards

(—=R ) which was quite unique among the forms studied.
Occasionally a more rapid type of movement was observed when
they might fusk from one end of the jar to the other, Such a more
rapid movement was accomplished by rapid jerky movements but always
in ohe straight line. This type of movement was occasionally
interrupted by the slower type.
Uccasionally they were observed to "loop the loop". Fossibly
the curved 1 st. antmnnae account for such a 100p.
Calspus: s
As has been previously noted by others this form is
attracted by bright light immediately after having been removed from
the sea but after remaining for some time in the laboratory it scon
resumes the normal negatively prototropic reaction which it
exhibits usually in mature. The movements here described are of
Calanus which had been kept in the laboratory for two days previous
to the experiment,
With a 20 watt electric bulb close to the surface they behave
as follows at from 13 told °C.
(a) Made a sudden dash away from the lignt at about 20 cms/sec.
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from the surface to the bottom of the jar.

(v) Made slow movements away from the light at about 0.3 cma/s

Such wovements were slow and in a straight line but interrupted by »

o series of ppuses, the actual mov ment being either horizontal or

vertical and mccomplished, at least, by a slight uovement of the
urosome ventrally (ef. urytemora). It fimally would reach the
darkest region but only after a series of movements in no pariicular
direction, sometimes moving for short distances toward the light.
The resultant discovery of the darkest region seecmed to be as &

result of triel and error. (e) Series of slow and gliding

in a straight line, not 1y away from the 1light,
(eg.-10 oms/sec.) without using urosome.

On comparing their movements with Acartis, they reached the
darkest region only after 5 minutes while by that time the majority
of Aeartia had accurulated in the brightest region resembling &
swarm of moths around a light. Gemerally, it seemed that when
Calanus did move it moved faster than Acartia but only ss a result

of this possible trisl and error type of movement, and so Was

considerably slower in accomplishing the desired results

Wnen the 1ight was at the bottom of the jar the Calsnus made
numerous charges at the surface as if trying to bremk through.
While stationary at any point i# was always perpendicular in the
water with the head upwards,

eud s

Moved with the anterior end in the direction of movement,

Its antennules were spread out straight and motionless during move-
ment vhich was always very slow, the movement being accomplished by
the appendages (not including the antennules).



Yore rapid were often ed by a change in

direction and were definitely seen to be accomplished by FAips

of the urosome, OJuch movesents were rost easily seen in this

ap due to the long lemgth of the urosomes
Zortanuss

#nile suspended motionless in the water they remained
horizontal with the dorsal surface uppermost and with the urosome
inclined dorsally;s Their maxillipedes could mlways be seen spread
out horizontally at right angles to the body. The above yas quite
characteristic of this speciens
Types of movements

(a) Moved upwards with sunlight couming from above in s series of
e horizontal 1ine a-nuc when
movements{showing path followed), lt appeared to be at rest and
. o drifting. The oblique lines re-
present more rapid movemen: upe
P s wards, with the dorsal surface
as above snd with urosome nexe
or less motionless, the a
movement seeming to be -uo-pu-b
A ed by & -nxuu motion" of the
e leg

(b) Short dashes upwards, but more rapid than above, with the dore

sal surface uppermost. These movements were too rapid to be easily
observed. 3

(e) Moved down nnd away from the s ource of light, with the body
tilted downwards while in motion, but with the urosome still decided-
1y tilted dorsally.

The antennules always remained straight and motionlees as follows:

(8) Tratotreria Sohrtburg.

The results of the experiments desoribed on page 5 are given below:
Sunlight Dusk Darkness loonlight

Acartia 80%+

Tortanus (1724
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Calanus 90% -
Pseudoeal,  95% —
Zurytemora  80%

(male)

Hurytemorn 100% 7

(female)

In the above table ;signifies positively
P g agatively .

Some additional notes mede in conn-ction with yphototropic
responses are: -
Acartias

Bright sun overhead, Temperature of water-15°C. Fifty Acartia
in tall glass cylinder. After five minutes all btut three were
collected at the surface.
Zortanuss

Bright sun over head. Temperature of water - 14°C, Ten
Tortanus in tall glass cylinder. After 5 minutes eight had collected
Just below the surface and two half way between the surface and the
and

botton. Of the surface individuals, five were adult female:
three adult males, Of the deeper individuals, they were both adult
males.

Henee, although both ndult males and femnles were found at the

su-face during sunlight only adult males were below the surfs
Burytemorat: (male)

Forty watt tulb at surface, Temperature of water - 13°C, Tall
cylinder used, Ten individuals. They all showed a positive

Bl
reaction to the light intensity used moving to within a few inches

of the surface. They moved im slow gliding movements - both up and
down and sidewards, always remaining within this range and not cluste:
ing at the surface (cf. Acartia).
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Talanus:

With sunlight overhead and water at 12°C, the typieal behaviour
was to remain in the light, when suddenly exposed, for a period
which varied in the same individual anywhe:

from 1 to 4 minutes, am
then to make a rapid dash to the dark region where it remained, Thai

this is not always the ease, however, is evident from what has al=

ready been said on page 38:in so far ns its rapid progression is

concerned.
Buxytemora: (femnle)

¥ith a 50 watt bulb at the surface and the water at from 13 to
14%., this form showed a pusitive phototropie reaction moving to
the surface. Again, when this experiemént was repeated another
1

it was found that while many moved toward the 1ight when it
was swddenly snayped on, others remained indefinitely scattered
from top to bottom. As only mdults vere used, it is cvident that
every adult does not necessarily enjoy the same 1ight intensityl
Zseudogalanuar

¥ith the temperature as above, and with bright sunlight sbove,
they preferred the darker end of the jars
Zortanuat

TUnder the saue conditions as described above, they showed an
upward movement to the surface in general, although seme remained
in the deeper part of the jars
(3) Fhototropic behaviour at different temperatures to horizontal
1ighti The results of the experiment doscribed on Fage 5 are given |
below:
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09 0%. 0%. 0%,
Calasmus B T s Ve v e o e
Fseudoca’
Tortanus 10~ o 10 2 10 2 30 0
Aeartia 10 o 1 1 10 2 10 2
Euryt. male 2 7 Wandering tendengy====-===
Buryte. femsle 10 o 10 o 10 o 10 o

In the above ;xp.: iment Tortanus and Acartia collected at the sourde
and kept moving against the walle of dish as if wanting to go to the
source. In the main the Calanus showed a negative phototropism but
the individunls did often wander from the lighted to the darkened
ares, The wandering tendency showed for the male Surytemora was
confined to the 1ighted half of the dish and nome were found in the
dark area, Hence, it seemed to have an optimunm in the lighted area
but did not collect as definitely at the source as did Tortanus and
Acartia.

In gemeral, within the limits used in these experiments, temp-
erature was not found to alter the phototropic behaviour of the
forms studied.

(4) Effect of tempernture on duration of life.

he results of the experiment described on page 6 are given belo

Genus 0.7%. 4.8%. 10%. 14.7%,  21.3%
hcartia 28 days. 24 days. 22 days. 15 days. 3 da
Tortanus 15 days. 13 * 0L . ¥
Burytemora (male) ) 19 " 7 g ® : Vot
Rurytemora (female) 27 * 26 * 9 12 * o

The mbove reshlts suggest that within the limits of temperdtures
used, the lower the temperature the more favourable the effect on the
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o
and that es mbove 20 G, at least would hae
& lethal effect,

Simesint oiE1Yr Ficpertiuniis viis sursiod vt Hises 15 TOIEH
by As H. Lein on Pseudocalanus (7) end Celanus finmarchinus. ke
eame to the conclusion that for Calamus fin., 20 to 25°%C. had a
lethal effect, the duration of life being less than one day, 15°
being quite favourable, while 5° and 10° were still more favour-
able for the prolongation of 1ife. In regard to Pseudoealanus (7)
he says, "a temperature of 20°C. seems o be unfavourable reducing
the average lengths of 1ife to 62% of the average at 13°C and at
the snme pH (optimm)" lence his results, in a'dition to those here

found, stress the imp of a low a8 being

for a favourable enviromment.

(5) Reamction of mnle Acartia to different intensities of u;m.‘
The results of the experiments deseribed un page 6 are given

belows

WITH BULB-AT SURBACE:

Time Distance Velocity -  Time ‘Distance  Velgcity

71 secs. 24 ocus. 0.34 cm/sec. 143 sec. 29 ems. 0,20 em/sdc.
13 v AN e v e et S0 ¢ paag Y
» 29 % o8 * v mes ¢ [ S v e ]
108 * 8000 T 0 g v M. g T
5 " 20 * T 0. v ‘30 ¢ 29 " 0.6

Average velocity: 0.48 - 0.103 cma/secs



WITH BULB AT 2 Ftes

Time Distance  Velocity  Time Distance Veloeity

180 o 25 oms. 0.11 em/seci 34 secs . 25 cms. 0.74 cms/secs
186 “ 25 cms, 0.13 ow/sec. 30 * B " 0.3 N ¢
95 " 25 = 0026 " * 60 * s 4R A
4 * 28 0.55 * * 196" % " 0 =e
S 0.3 = = 190° 8 eay e

Average velocity: 32 .0.6¢9 cus./see.

WITH BULB AT 4 Ftas

Time Distance  Veloeity Tine Distance  Velocity

60 secs, 35 cme. 0.58 cm/sec. 120 wecSe 25 cus. 0.20 ems/sec,
154 * 8 SEar v s e WY janies oW
228 * LR O S| L R AL
0 85 * 0,28 * * g5 o 8.t gas EL A
& BN s i 8 % o4 v

Average Velocitys 0,23 .0.029 cms./sec.

WITH BULB AT 6 Ft.t No effeot

e distributed equally %nroughou'
Jore

The results show that there is considerable individual variatiol
at the various intensities with the 'ight at the surface, 2 ft., and
4 ft. The averages at the different 1ight intensities with their

ai show that no ng oecdurs between the
averages and indicates » very slight inerease in ave-age velocity

with inerease in light intensity.

In general, the results indicate that a eertain minimum of
1ight intenisty exists in order to attract this form and increase
in intensity bove this does not greatly incresse the rate at which
they move toward the source.
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Eeeding of the Herring
(a) vapture of the food:

For the wost part they swim around keeping together. The
resultant direction 1s lengthwise along the tamk from end to end meve
er loitering long in any particular place. They do not follow any
particular path but seem to follow the side of the tank in going
from end to end, but just as often they cut diagonally meross.

The formation is broken on making attespts to capture food.

The fact that 1t actuslly sights the food is quite evident as it makes
a dash to within a few inehes of the food particle. 1t then slowly

glides the remaining distance (generally upwards) until almost
touching the particle &#hd then makes a quick snap at it, Such is
the behaviour when the herring seem to sight the food from a
distane

Another method s eems only to occur when the herring
sight the food to one side and then it seems to snap the head side-
ways and quickly seizes the particle, csusing the whole body to
partly -turn over, giving a sudden flash as the silvery sides

nre exposed to view frou mbove. Huch a twisting moveuent has bften
been obsérved in mature while the herring were feeding on legamyc
tiphanes near the surface on sunny days.

A herring wis observed to make a quick dash the length of the
tank toward a piece of white papér about { inch spuare floating at
the surface of the water, glide up until the paper was just about
touching the snout but quickly turn away and join ite fellows again.
Abother was seen to meke a similar move at a plece of silver paper
about the size of a pin head but refused to smap at it. On anotner
occagion a herring actuslly snapped at the shiny bulb of a mercury
thermometer which was being used to take the temperature of the water
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(b) Selection of food im regard to its sizes
Fifty dead Meganyotiphanes were tirown one by one into a
tank containing twenty herring ranging in eize from 15 to 22 ems.
the “shrimp* slowly settled among the fish, with the exception

of two eases the herring made no attempt to cateh them, In one
case, a herring sbout 18 cms. long made an attempt to cateh a
“shrimp®, failed, quickly cireled back and made another attempt,
failed again-seeming to have difficulty inm seizing the shrimp, IN
one herring about the same size actually succeeded
in taking one within ite mouth, but after a few seconds it was

another cas

ejected againj here the difficulty seemed to be in swallowing it,
The shrimp used ranged in size from 5.5 to 4,0 cms. in lengthe

In order to determine wiether the size of the shrimp vas
the resson for its refusal for foodk they were cut up into ome-
half and one-quarter lengths and the portioms thrown into the tank,
5111 no attempt was made, in gemeral, by the herring to devour the
portions. On cutting up the shrimp into still smaller portions,
however, the herring greedily seized each portion in almost all
cases, and none were ejected again.

1t seemed that the herring undoubtedly used their eyedight
in feeding and the size of the food particles seems to be &
determining factor. The fact that the particles used in the

above experiments were dead shows that the herrin; ere not un-

necessarily attracted to ‘certain forms of food by the latter's

movements and sugcests that certain foms are chosen as food in
nature due to either their coloration or some other facéors
It is worth mentioning that large herring have been observed

feeding on schools of 1ive “shrimp* (Meganyctiphanes norvegica)
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brought to the surface by deep tidal mixing currents off Clam
Cove. Tae herring often broke the surface in their attempts to
catoh the shrimp,
(e) Capture of the food under different directions of illuminstion:
In the followins experiments food was dropped into the tank
( as described on page &) and it was observed where the herring

ized the food particles under different directions of illumination.
Bach experiment is illustrated by a dlagram, Tne red lines show the
paths token by the herring in order to seize the food, the gint

ot which the food is weized being marked by a red ij the position

of the food as it dropped from the surface to the bottom of the

tank is shown by dotted lines; and the dircetion of the rays from
the source of illumination is shown by jurple lin

Thus the

at are self . K I oblique rays passing
|
towa. bottom of the tank from the surface:
e

Such movements were oblique spirals
downwards or upwards or horizontal
but never vertical as the herring
was never obwerved to *loop the
loop®.
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only:

Very rarely would a herring pick food right off the surface.

Sxperiment ITI. Divergent illumination from above center of tank.

The capture of the food by the herring took place in this experiment
in the following ways:

(a) Horizontal movements:

(») Spiral movements:

- -

¥ x4

x

(e) Vertical movements:

at P
T4

In general it was noticed that by far the most common method was to

move upwards for the food, and if the latter is under them they ignore

it. They were occasionally s

n to dip slightly downward for o

food if the latter is falling. They would only take food suspended in
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the water, having never veen observed to take food off the
bottom of the tank. Alteration in the directiou Of the rays from
the source of illumination, whether horizontal, vertiesl, or

oblique, did not pr

nt the herring from feeding, %Yhe feeding only
toking place, however, in the regions wiere the food particles

were 11luminated.

(d) The effect of temperature on feeding of the herringt

The results now available of tne experiments d

crived on page &
and 9 are only those concerned with rapid temperature changes; Ine
rate of €all of temperature is given in the followin. graphi

1 1

™ J P R ©
to 3.8%. = Drep ko 4.5°C $u] N drep L s0%C
Svd a0 ks \
i e ir x
Pl
5‘;1 \ 7
# 3
. X v,
% v v
\ » o
P SR

Observations on the feeding at each of the four temperstures are as
follows?
(a) 13%.

At this tempersture the herring fed to capacity.
(b) 8.0%.

“ne herring fod well and would come to the surface for food.
the lengths of the fish used and the amount of food taken by cach is

as follows:



-47-

16.0 oms.

omach nlmost fudl.
15.5 cms,-stomach empty.
15,0 ems.-stomach almost full.

(e) 4.5%.,

The herring would not feed. Their movements, however, were
not confined to the bottom of the tank (of. 3°C.), some of them
moving to the surface at times. The lengths of the fish used and
the amount of food taken by each is as follows:

12,0 oms.-very slight trace of food.
14.5 oms.-stomach empty.
15.0 oms.-stomach empty.
(a) 3.0%.
The fish would not feed. Ihey remained on the bottom of the

tank ond would not come to the surfa

a8 they did at higher

temperature: Their movemente were very slug ish and they remained

very close together (s has been ob erved by the fishermen during
the winter.
The lengths of the fish used and the amount of food taken by each
15 as follows

15.5 oms.-stonach empty.

16,0 cms.-stomach emptys

16.5 oms.-stomach emptys
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SUMUARY
Behaviour of the food.
(1) Change in amount of food at the surface under différent
conditions of 1ignts
Collections were made of the fmee-swimming Copepods at the
surface only but under different conditions of 1ight in order
%o determine whether the forms present at a definite place actually
did alter under different conditions of light. ZThe results show
that there is o tremendous increase in the total number of Cope;ods
At the surface in conditions of light wesker than sunlight, indica-

ting that m considerable migrntion has token place to the surface
from the lower depths ns the light intensity decremsed from sunlight.
Two tows made under the same conditions but at different
times of the day gave quite different results and indicate that
any poseible rhythm of the organisme nmight be quite important in
interpreting such results. Hence it is sugiested that future
work must be carried out with this end in view.
Critieal examination of the tows showed differences between
the number of individuals of each species present at tie surface
under the different conditions of light. They all oceurred in

minimum nuobers during sunlight, Fseudocalanus and Acariia being the

only forms which were never absent from the surface at any time.

With the exception of Temora (which was never abundant at this
during dusk,

loeelity) they mll occurred in relatively large numbe.
atarlight, and moonlight, while Aeartia and Jurytemora also occurred
in large but lesser numbers during faint sunlight.
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(£) Vertieal distribution of the food under different conditions
of lignt. 2
On comparing the results of the distrilution of turee different
localities it is evident that differemces are sxiibited by the

i8¢ species of their actual being
desoribed in the text.
Bome interesting generalizations may be made at this times
Sadauss
Only the young
ities and it seems that this form is to be found in e deeper

e very sbundant at any of the three locale

water during sunlight, while during veaker light it tends to extend
upwards toward the surface.
Lseudocslanues

At each of the ghree stations the males were relatively scarces
The results, however, suggest that it is to be found in the deeper
water during sunlignt, while during weeker onditions of light it
extends upward toward the surface near and at waich it is to be
found during starlight and moonlight.

The females were found mostly on the bottom during tright
sunlight at each of the three stations tending to spresd up to
the surface, however, during dusk, sterlight, snd moonlights The
depth at which the maximum oscurred at any one time varied with the
locality=e.g. The meximum was never at the surface at H,F.42 and
Prince 848 while 1t did oocur there during moonliyi: at ¥rince 6.
As the depth of the water varied with the station at any one time,
future plans must include a measurement of the light intensity at
various depths, That the maximum may vary at one jlace even under
the same conditions of 1ight is seen at irince 6 wnere, during
bright sunlight, the maximum was ot the bottom en July 24, wnile at
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15 meters (half wey to bottom) on Sept 14th. This further stresses

the point mentioned previously, from other cvbdence, tiat the time

of the day is important in interpreting these results.

The  oung Pseudocalanus

re mainly found higher up than the
adults at all times, the depth at which their maximum ocourred,
however, varied with the logality.

Zemoras

This form was relatively scarce at all times.

The male wos very sesrce al all localities only having been
found during sunlight nt Frince 6 when it was ligited to the deeper
water,

A1 that can be soid for the female is that wien found in
approciable numbers their maximum wes within the upper 2 mefers
during weak light.

At FPrinee 6 young were only found at the bottom during
sunlight, while nt 15 meters during dusk, and st 2 meters during
starlight, suggesting thet they moveup closer G the surface rs the
1ight intensity weakens,

Burytesora:
In general, it may be said that this is

form which prefers
very weak 1ight intensities, being limited to the very deep water"
during sunlight, tending to sove upwards during weak light, being
mostly at the surfuce during starlight; while half way to bottom
during moonlight.

Evidence is given for believing that the young are to be
found closer to the surface than the adults at any time, thus
probably enjoying u higher light intemsity, Lvidence from HF 42
sugcests that the meximum distribution of the adult males was

mever 9 high up in the water as the adult females, although at
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Frince 6 during sunlight on Sept., 14th the femnles seemed to be
mainly distributed deeper than the males.
Agartias

In general, the evidence sugcests that this ie & form which
prefers 'igh intensities of 1izht (of. Burytemora), snd, although
never found in largest numbe s strictly at the surface, it is
mainly limited at all times to the upyer depthe extending from 2
meters to half way to bottom, occurring closest to the surface
during weak 1lights

¥o outstanding dif erence was noticed between males, females,
and young.
Zortanuas

In general, this is & form which prefers the deeper water
during dright 1ight when it may be found in large numbers at the
bottom, while during weaker light it extends clower to the surface,
the depth at which the maximum ocours depends on the loeality.
Rvidence from H.F. 42 and Frince 6 sugrests that at certain times
at least, the females onjoy m higher light intensity than the
males, while nt Frinoe 848 the condition is reverscd, The evidence
makes 1: A1ffioult to inmterpret mny oignificant behefiour of the
young except that they moved up toward the surface during weak
1ight while existing at lower depths during sumnlight, the depth of
the main distribution verying with the loenlity, They seem to be
distributed closer to the surface during starlight theu during
moonlight,

All the Nauplii found in these tows were particularly abundant
at Frince 848 where they were mostly enclosed within the egg snd were

most sbundant in the deeper water and never occurred at the surfa
They are

ing preserved for future “uurtnttu'.
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Laboratory Sxperiments.
Controlled experiments were carried out €0 as to study
the behaviour of the individual food forms in respect tos
(1) Characteristic movements as they moved either towsrd or away
from the light.
The

eriptions applied to the vatious forms are carefully
described on pages 32 to 37, and it seems that each species exhibits
several types of movement, each of which is quite characteristic
for the species concerned.

(2) Tnotetropic bensviour.

Experiments indicate that Acartia, Tortanus, and Rurytemora
are positively phototropic to the high intemsity of bricht sunlight
while Calanus and are That
this benaviour is not fully carried out in mature is seen from
s that light is not the

their distribution in nature and sug:
only fastor in comtrolling dietribution.
In no case was the characteristie phototroplc response aserided

to a species & 100% response, as always some individuals did not

respond ws did the majority of its fellows. In suy case, of the
positively phototropie syecies, Acartin was found o give the most
definite response, rapidly clustering at the source, while Surytemors
and Tortanus shored many individuals souttered throughout the jar.
Some evidence im given for helieving that the adult males of Tortanus
eould be expected to be found below the females with ‘bri.ht 1ight
rhend.
(3) Phototropie behaviour at different temperstur
gnt:

Within the 1imits used in these experiments, (0° to 15%C),

to norizontal

temperature was not found to alter the phototropic behaviour of



the forms studied.
(4) =ffect of thmperature on duration of life.

The results suggest that within the limits of temperature
used (0.7 to 21.3°C.), the lower the temperature the more favourable
the effect on the orrgnism, and that temperatures sbove 20°C. would
have o lethal effect.
5) Reaction of male Acartim to different intensities of lights

The results indicate that a certain minimum of 1ight intensity
exists in order to mtiract this form and increase in intensity abowe
this does not greatly incremse the rate at which they gove toward

the source.

Zeeding of the herring.
(a) Cayture of the ¥ood.

The method of eapture of the food by the herring is descrided.
It seems that the herring undoubtedly use their eyesight in feeding
and the size of the food is & detersining factor. The fnot that
the particles of food used in the sbove experiments were dend shows
that the herring are not neccsssrily ntiracted to certsin foTms of
f00d by the latter's movements nnd suggests that certain fodms are
chosen ns f0od in mature due to either their coloration of scme
other factor,

(b) Capture of tne food under different directions of illunination.
The direction of approach by the herring to their food is
dexcribed. Alteration in the direction of the rays from the souree

of 1)lugination, whether horizontal, vertical, or oblique, did mot
prevent the herring from feeding, he feeding only taking place, hows
ever, in the regions where the food particles were illuminated,

(e) The effect of temperature on the feeding of ine herring.

e
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The results now avallable are those concerned with rapid tempe
erature changes, and show that the herring ate less at the lower
ting to full capecity at 13%C.,yhile devouring no

temperature,
£ od at all at 3°., at whieh
on the bottom of the tank. Such insctivity agrees with

they resmined

inaeti
statemente made by fishermen concerning the behaviour of the

herring in winter,
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TABLE V.

FPrince Station 6.

Towe tuken successively with the same net (12 inch No. 5) on
Sept. 14/34 at which time immeture Copepode were ambundant.

_ Bright sunlight

0 m. 5 m. 15 m. 80 me
Calanus fine
: Y 100 50
¥
50
Pseudocalanus 300 900 300
nutus. b § 400 1000 300
¥
50 50
Temora longi.
Y 50
¥
100 2000 1000 1700
Jurytemora 1600 2450 3750
nerdnani ¥ 650 1200 200 600
¥
7900 22,300 00 1450
Aeartia olausii 19,150 20,800 5300 3300
¥ »450 9,300 580 750
X
1800 1100 7200
Tortanus dis. 400 1400 3850
SR8 3000 2850 1850
N 1007
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