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More Pertinent Literature

The behaviour of Calenus fimmerohious oceupies the
bulk of 1iterature conoerned with the six spocies dealt with
in the present contribution. Othor cbservations however, have
boen rocorded.

H. B. Bigelow (1924) presents records on the behaviour
of the six species in question fram the gulf of Maine, which
region includes bay. His oan be
swmarized as follows:
(a) Aeartia olausi: Usually constituted a larger element of
the copepod community at the surface. On two occasions entirely
limited to surface. However more often repeatedly proved more
abundant at some deeper level.
(b) galanus finmarohious: In the daytime the stook at say,
10 to 30 metres, becomes enriched by its tendency to sink when
the sun 1s high; at night 1t 1s correspondingly impoverished.
The vertical distribution, however, varies with the season of
the year. In the spring (1920) 1t was taken in all but one of
the surface hauls, irrespective of the time of the day, suggest-

ing no diurnal migration such as it oarries out in swwer, when
1% shows a tendency for diurnal migration upward toward the sur-
face at the approach of sunset which it deserts after sunrise
1in the morning. However, 1t is not solely induced to carry out
an oxtensive migration by the time of the day, as many rich
catohes have been made at midnight as at sunset, suggesting that



1t 1s as likely to swim up at one hour of might as another,
and hence 1t appears that the direction of vertical swimming
(or sinking) is governed by geotropism which changes with
physiologleal changes in the animal 1tself.

In 1%s downward descent 1t tends %o avoid tho doopest
wators in sumor (as well as in winter) and to congrogate at
mid-depths, and since physical factors offer no apparent ex-
planation for this, the cause probably lies in the distribut-
fon of the food supply.

The fact that 1t 1s usually found deeper down during the
swmer ho asoribes as being due £o the warming of the surface
layer by the sun, a less 1.0

1% may sink in warm brightly illuminated water, but rise in pale
of its
(o) Pseudognlanus minutus: Has been taken by the Csnadian
regulerly and % the surface
s well as in deop tows down to 150 m. In tho gulf of Maine
1% tonds to desort the upper stratum as the scapon advances.
(4) ZTemora longicornis: MeMurrieh (1917) at St. Andrews only
fouwnd 1t abundant in winter, the rocomds being all from within
seven metres of the surface, and many immedistely at the sur=
fuce.




ZNTRODUCTION
The present papor deals with @ study of the changes
in the vertical distribution of the comson free swimming

The foregoing historieal account gives, it is belioved,
& olear pleture of the present status of the problem of
changes in the vertical distribution of marine copepods,
being espeeielly concerncd with those spocies dealt with

1n this paper. It is seen that Calanus finmarohious has
been largely dealt with, very little having been done on
the remaining species. Further contributions on the be-
haviour of even this species however, are worth while as

1% 15 ovident that the apparent underlying causes in one
region may not nocessarily apply in another. It is de-
11oved by the author that a dotailed study of the vertioal
distribution on the remaining five spocies is lacking; hence
the results aro believed to be a definite contribution.

LABORATORY EXPRRIMDNES

Light 1s gonerally acknowledged as being an important
factor in the vertioal of marine
copepods, although Xsterly (1919) brought in the factor of
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“physiological rhythm". With these facts in mind, exper-
iments were carried out et the Atlantic Biologioal Station
Quring the swmer of 1955.

For this a and
rectangular wooden box was constructed with the following
dimensions: length 125 cms.; width 10 cms.; depth 28 oms.

The box contained running sea water. Standing upright in-

side the box were placed ten glass cylindrical jars, 30 cms.
tall, and 4 ems. in internal diemetor. The glass jars were
blackensd on the outside except for a strip through which tho
contained copepods could be seen on removing the jars. Iach
jor was almost filled with sea water. About 25 copepods were
placed inside sach jar. Each two jars contained the seme speci
the copepods having been secured by a No. 5 net, fishing from
2 to 5 metres below the surface at the Biological Station wharg;

in the case of Acartia, Tortanus and Surytomora the individusls
being swept into the met by the outgoing tide. Calanus and
Pseudocalanus were obtained from u depth of 50 metres farther

out in tho bay. ihen the jars were placed wpright in the wooden
box, the %op of the box, containing holes which just allowed the
top of each jar £o pass through, was laid down. The whole arrange-
ment was put outdoors; in this way the temperature of the water

1in the jars was maintained at 14°C., the light was elways from
above and any jar could be quickly removed and the distribution

of the contained eopepods noted. For the purpose of recording
the vertical distribution, the jar divided into four equal parts



by painting three white oircles arownd the jer, and numboring
the divisions 1, 2, 3, and 4, from bottom to top. During weak
11ght, a flashlight suddenly snapped on enabled the d1istribdution
of the individuals to be seen. As they do not immediately res-
pond %o sudden 1ight, this procedure d1d not upset their distri-
bution. The copepods remained Swemty-four hours in the jars be-
fore observaticss were started. Some fresh sea water was added
%o the jars every other day and 1t was found possible to keep
the copepods alive by this method for two weeks. As & control
siniler jars were kept in cumplete darkness in the laboratory.
The tables on pages 9 and 10 give the mumber of the seetion of
the jar in which the majority of the individuals were congre-
gated under (A) the maturally changing 1ight conditions, and
(8) 1n complete darkness.

Galanus shows definite negative phototropism to all in-
tonsities of 1ight oxcept the weaker. IT% is negatively photo-
trople to sualight, daylight whether cloudy or olear, and to
strong moonlight. It is positively phototropie to the very
weak 1ight intensity of dusk and dawn. It showed no gootrop-
1sm being uniferaly distributed in the jars during starlight and
ocomplete darknoss. It should be mentioned here that these
results are in contrast with those of isterly (1919) who found
 strong positive gootropism in diffused light and darkness,
the behaviour not changing with ohanges in temporatures (and
salinisy).



Pseudocalanus. It actod in all respects as d1d Galanus.
Burytemora: The individuals used in connection with the
presont experiments were obtained in shallower water (2-5 metres).
These individuals 414 show a geotropiss, 1.0. negative geo-
tropism in complete darkness, starlight, and very weak moon-

light. During all stronger conditions of light the dominant
reaction was that of phototropism, being negative to the strong
intensity of sunlight, and tending to bocome progressively more
positively phototropic as the light weakenod, ocoupying the
middle of the jar during dewn, dusk, sunrise and moonlight. These
facts tend to explain their upward migration after dark in nature
in that the weak 1ight at sunset causes their upward movement %o

while negative aftor sunset keops them mov-
ing upward.

Acartia. ILxperimonts wore also carried out to determine
1ts reaction to horizontal light and to light from below, the
sources of light being (1) sunlight (2) a 50 watt bulb. In all
cases Acartia proved to be strongly positively phototropic. No
evidence of geotropism was found. Thoy were strongly positively
phototrople to all intensities of light, except that of starlight
and weaker when thoy were uniformly distributed, and showing no

evidence of geotropism. Theso results differ from those obtained
by Esterly (1919) who found surface animels to be only positive

o 1ight of any intonsity in water above 16°C., while at lower
temperatures there was a tendency to become megntively phototropic.
Purthernors, he found them to be negatively gootropie in diffuse
light and positively geotropiec in darkn In the experimonts

in hand, the individuals wore not Sestod %o diffused light from
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below. In darkness they gave no evidence of positive goo-
tropisn. The sharp difference in behaviour between the

used in our and those used by lstorly
1in his excellent work, show the danger of generalizing from
laboratory experiments, possibly also sharing that the apperent
underlying ceuses in one rogion may not apply %o the same speeies
in another.

Tortanus wes always strongly positively phototropic when
first brought into the laboratory but this condition soon
rovorsed o megative phototropiem in strong light which latter
condition prevailed as long as the individuals lived. Such &
roversal of phototropism was also obsorved in the case of Calanus,

and with The lasting are the
ones always referred to. MNo such change was noticed in the case
of Acartia and Pseudocalanus. Tortanus was repelled by strong

14ght and attracted by weak. Hence during sunlight they were
all down in the jars. During weaker conditions of 1ight the
positive phototropism became stronger and they rose, extending
upward during oloudy days, sunrise, dawn, dusk and moonlight.
During complete darkness and starlight they showed no evidence

of geotropism.

A still further important experiment is brought out by these
oxporiments. All the species studied, when kept in complete dark-
ness, showed no ovidence of "physiological rhythm" such es was
olearly observed by Zasterly (1919) in the case of_Acartia, and to
somo extent in the case of Calanus.



(A) ghanging Conditions.

DF'I Time Weather sog‘.::‘-.‘m Calanus m:; ?2;. Acartia Tortanus
. 9 11:30 sSunlight 57.5 1 1 1 4 1
| e Em . 58.0 1 1 X 0 1
Polle
" ° 5:308M 9 28.0 1 1 1 4 1
9  8:30Pwi. Weak Moon 0.0  Uniform Uniform 5.4 Uniform Uniform
® 11:30 PelM. Starlight 0.0 Uniform Uniform 5.4 Uniform Uniform.
10 2:50 AJM. Starlight 0.0  Uniform Uniform 5.4 Uniform Uniform
10 5:50 A.M. Dawn 0.0 4 4 4 N .
10 8:50 A.M. Sunlight 28,0 1 1 1 z 1
10 11:50 AM. Sunlight 56.5 1 1 % 4 1
“| %0 1:45 P.M. Cloway 16,5 1 1 2 4 2
©| 30 5:45 PaM. Cloway 6. 1 E 2.3 4 2
30 5:45 P.M. Cloudy 4.0 1 1 2.3 4 2.3
30 7145 P.M. Dusk 0.0 3 3 . 4 4
30  9:45 P.M. Rain 0.0  Unifors Unifarm 5.4 Uniform Uniform
30 Midnight  Rain 0.0  Uniform Uniform 5.4 Uniform Uniform
51 2145 AM. Rain 0.0  Uniforn Uniform S.4 Uniform Uniform
51 5115 AM. Dawnand 0.0  Unifors Uniform 4 < 4
31 7345 A, h:“ 5.0 1 1 2.3 4 2.5
51 9145 AM. Clowdy 5.0 1 1 4 12
|13 12:50 AM. Full Moon 0.0 1.2 12 4 Unoven
13  4:00 AM. Full Moon 0.0 1.2 1.2 3.4 4  Uneven
15 6:30 A. Suirise 2.0 ? ? 3. 34 23




(3) gomplote aarinoss.
Date ‘Time Calanus  Pseudocalanus Burytemora Acartia Tortanus
Mg, 9  11:45 Awi. Uniforn  Uniform 2.3 Uniforn Uniform
. 9 2:48 Poe - " 2.3 " « 2
- ° 5145 P.M. b - ? * -
. 9 8145 .. b b + . .
N s 11145 P.M. - " " - 2
" 10 2:45 A, . . 3.4 . "
" 10 5:45 A - " 3.4 . -
* 10 8145 AM. . " 3.4 " .
* 10 11846 A - - 3.4 - "
- 30 1130 P.. - i 3.4 - "
" 30 3150 P, " . 8.4 - -
. 3 5130 P.M. - " 3.4 - .
" 30 7130 P.. - " 3 g -
. 30 9130 Pt " " 3 - .
" = Midnight . L 3.4 by -
- = 2130 A, " N 4.4 " "
LY 5100 A, . " 4.4 " "
“- ®m 7:30 A, - " 3.4 " .
. n 9:30 Adi. ¥ " 3.4 - J
Sept. 15 12.45 Asu. - " 3.4 - -
" 13 4:15 A - . 2 " "
= 15 eus ] - 3¢ - B
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DISTR] ON A

The vertical ai was under
conditions of light. This was done by collecting samples at
four different depths simultaneously (surface, 2 metres, 10
metres, and bottom), with identical nets (20 inch No. 5), and
for the same longth of time (10 minutes).

By a speoial arrangement, 1% was possible to oollect the

organisns only at the specific depths, ho sueh arrangement being
necessary for the surface tow. The 2 metre not was only closed
while being raised, as 1t could quickly be lowered so as not to
strain an appreciable amount of wator on the way down. The arrange-
ment used on the two doeper nets can be explained by the two foll-
owing diegrams:
1. Lowering the net:

The net is shown descending in figure I.
Two persons were used for lowering the met, one to keep the
line (a) taut, and the other to pay out the line (b) freely.
In this way the not descends ve tically due to the weight (w).
2. Straining the water:

On reaching the desired depth a messenger
‘18 lot down the line (b) the attached The
net thus takes up the position shown in figure II, and the line
(b) 1s drawn up to the boat. The boat moves slowly forward during

this process. The net is now straining the water and the speed
of the boat is inoreased to the set speed, as judged by the num-
ber of revolutions of the engine's fly-wheel.



3. Raising the met:
At the end of ten minutes a messengor

is lot down the line (a), omusing the net to be closed and the

whole arrangement withdrawn to the boat as shown in figure III.

The contents of the pint sealer (s) were immediately pre-
served in 5% formalin and ocarefully labelled.

While the nots were being towed the light intensity inoident
at the surface was measured by means of a solarimeter. This in-
strument is made by Kipp and Zomen, Dolft, Holland. The light
Teceiving unit is a Moll surface thormopile covered with a hemis-
pherical quarts windov. The ourrent produced is measured by a
microammeter. On & clear day this instrument will measure the
intonsity of sunlight from sunrise to sunset. After the tows
wero completed, the transparoncy of the water was measured by
means of a Seoohi Disk, and the temperatures at the surface,

10 metres, and bottom by a reversing thermomofier. Water samples
were also obtained at the same three dopths and thoir salinities
lator determined by titrating with silver nitrate.

The contents of the pint sealers were treated in the labor-
atory as follows:

Total volume determined by settling in a graduate; placed
in tall glass oylindrical jar and diluted to & known conveniont
volume; thoroughly shaken so as to produce & homogoneous mixture,
and exnotly 5 cc. Temoved by means of a Stempel pipette; placed
on a specially constructed counting cell, and the copepods identi=

fied and counted. At least two counts were made, except when there
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was 80 11ttle plankton present that the whole tow was countod
without making use of the Stempel pipotte. The results of the
two counts were averaged. If the counts were within 10% of
thoir avernge no further counts were made. lumerous specimens
always showed close agreement. It was, however, often found
necessary to make as many s five counts of the sesreer forms.

Hach copepod was identified as to whether it was male, fo-
male, or young. For the purpose of identifiontion of the fully
formed or adult (male and female) copepods, the following authors
wore used: (a) Sars-"Crustacea of Norway". (b) Wilsond"Copepods
of the Woods Hole Region". (c) MHerdman, Thompson and Soott-
"North Atlantio Plankton". By the torm "young® copepod is meant
ono which 1s sufficiently advanced as not to be confused with
other specios but s mot, however, fully developed. The six
species of copepods investigated were the only froe-swimming
oopepods usually encountered in this Bay, and after much practice,
the author became quite ablo to mpidly identify thess species.
The life histories of four of theso six spocios have been worked
out (as far as the author is aware of), namely (1) Zortanus dis-
gaudatus by M. W. Johnson - 1954. (2) Pseudoonlanus minutus
{or Boeck) by e (3) galanus

by M. V. (4) ZTomora by

Oberg=1906. The above literature was made use of for the identi-
fication of the young copopods. Such identification was not diffi-

oult as no very young forms were presont in the tows so that the
young were sufficiontly alike the adults so as not to be casily
confused. The size, shape of fifth log, antennule, and number

of wogmonts of urosome were the charaoters mostly used for such
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doterninations. The counting cell was so shallow that the
oopepods usually lay on their sides thus exposing the Fifth
leg. A drop of a dilute aquecus solution of Methylene Blue
added to the contents of the counting coll grestly facilitated
the counting of the segments and the recognition of the shape
of the fifth legs.

All the tows were made ot the same Station, namely in the
m1ddle of Booabes Bay, which 1s at the head of Passamaquoddy
Bay, Hew Brunswick. This station was chosen due to the lack
of currents which would complicate the results. Furthermore,
the tows were taken at times when there was prectically no wind.
Salinity is usually quite uniform from top to bottom. Such
conditions offersd m good chance %o study the effeet of light
on the vertical distribution of the copepods.

Observations on the vertical distribution of the free=
swimiing copepods wore taken under the following conditions of
11¢h%; (a) A 24=hour series covering bright sunlight, weak moon=
1ight, starlight, and back to sunlight again. (b) Diffuse
11ght as a result of rain elouds. () Full moonlight. (a)
Half moonlight. (e) Extreme darkness at night as the result
of a dense fog. (f) Sunrise. (g) Sunset.

The four depths sampled simultancously were surface, 2
motres, 10 metres, and bottom. The depth of the bottom tow
varied, of course, with the tide. This must be borne in mind
when interproting the results. Orgsnisus wore always fownd in
the bottom tows and hence the depth can be readily seen from
the diagrams at the end.
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BESULTS AND DISCUSSION

The diagrams at the end of this paper show the changes
1n the vertical distribution of the five most common copepods,
aver a period of 24 hours.

Gxmination of the table showing the physical factors
recorded shows 1ight %o be the only factor which markedly
changed throughout the 2¢ hours. Salinity showed no appreei-
able ohange oither from time %o %ime or with depth. Temperature
remained not only the same but constant at 10 metres and the
Dbottom. Surface tomporature showed a slicht ineroase as day
advanced, the differcnce only being 1.4°C., from the lowest
at 6:35 AJi. to the highest at 5:40 P..: the difference be-
tweon the surface and 10 metres averaged 5.78°C.

All tho Calanus obtained were immature of copepodite
Stages IV and V. They were limited %o the water extending from
10 motres %o the bottom from 85:20 AJd. %o 5:40 P.M., always Wi th
the maximws at the bottom. At night time they had extended
upward to the surfaee, being found at alld depths. Thore is
a tendency for the maximum to mave upward during the night.

>on-uw-mmnimym-ummxmum
deop water again, taking up much tho same distribution as they
had ocoupied during the previous dey.

Their phototropic behaviour in nature is in line with
exporinents. They are strongly negatively phototropic to
all intensities of light exoept the wesker. In all intensities
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of sunlight they were limited to the decper water with
their maximm at the bottom, while the weak intensity
prevailing after sunset osused them to move up being
positively phototropie to this weak light, and possibly
also to weak moonlight. No evidence, however, explains
why they keep moving up during starlight, as in the lab=
oratory they showed no tendency to become either posisively

or Auring
ESSUDGQALANDS MINUTUS

This form was mever very abundent, the males and young
belng espeoially soarce. Their seareity necossitates more
general conclusions.

Mnles, females, and young all avoided the upper 2 metres
Auring the bright light of the day. By nightime however, they
had extended up to the surface, passing down to the depths again
so0n after sunrise. labortory experiments support these results
in that their vertical distribution is dependent upon negative
phototropisn to the high intensity of sunlight, while being
positively phototropie to the very weak light intensities suoh as
provails after sunsot, and possibly to hat of woak moonlight.
There 1s ovidence of a upward
the night. Its behaviour in nature as woll as in the laboratory
olosely parallels that of Calanus desoribed above. Scarcity of
material prevents one from drawing any conclusions as to the
Qifference in behaviour botwoen males, fomales and young.
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AGARTIA QLAUSY

This was easily the most abundant copepod of the regioh,
alvays outmmbering the other species at any depth. Further-
more, 1ts vertical distribution differs from that of all the
other species studied in that 1t was always to be found at
any depth at all times of the day and night. It, however, aid
show ohanges in vertical distribution from time to time.

The males showed a maximum, during the deytime, between
2 and 10 motres from 8120 A, o 2:40 P.i., being very searce
at the surfac

. By 5140 P.i., howover, the nusber at the sur-
face had dorab the

of an upward migration which continued until midnight, when the
maximum distribution was at the surface. By 5:20 A.. the sur-
face numbers had still further inoroased but the maximum had
dropped down to 2 metres. Shortly after sunrise the maximum
had dropped still further down and the vertical distribution
had reached a similar state to that which ocourred during the
previous day from 8120 A.M. %o 2140 PuM,

The females were always most

undant from 10 motres to
the bottom during the daytime, never being present in very
large numbors at the surface or at 2 metros. At 5¢40 P.d.
there was an inerease in the nusbers at the surface. During
the night the nusbors at the surfuce showed no large change,
but at 8:55 P.M. thers 1s @ largo increase in the numbers at
2 motres that an upward naa
taken place during the 1y pE

betwoen 5140 P.M. and 8156 P.M. lhen starlight eonditions
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provailed large numbers were foroed right from the surface
to the bottom with the maximum alvays bolow 10 metres. Soon
aftor sunrise thoir distribution had returned to that shown
the previous day during bright sunlight. Although mo lemgth
measurements were made, it was a dofinite impression that
fomales present at 042, and 10 motres at any time were largor
than those existing at 10 metros. Both smaller and larger
fomales were often found carrying eggs and honce probebly
mature. This impression suggests that the large fommles at
the bottom never carried out an extensive migration, such as
1s carried out by the smaller femalos.

The young jcartis were always most sbundant above 10
metres, being found in largest nusbors in the upper 2 metres
from 8120 AJdie $0 2140 P.M.; with the Pigures suggesting that
a 5111 larger number would be found between 2 and 10 metres.

A% 5140 P.M. the nunbers in the upper 2 metres had tremendously
inorensed, at which stratum the largest number wes always found
throughout She night, while they had decrecsed greatly in numbers
soon after suirise.

Experiments showed thet this species is strongly positively
phototropie %o all intend ties of daylight. No evidence of geo=
tropism was found. Field observations bear out these conclusions
but show remarkablo differences in the degree in which they are

carried out depending on whethor they be males, females, or

young, Furthermore a difference in behaviour among females is
This with size.

Males, fomales and young ell showed a degree of positive photo-
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tropism, then eame the males, and finally the fomales. The
females, however, could be divided into two groups: the
smller, which showed a vertioal migration, and the lerge,
probably showed no migration. lHence, during sunlight, we
can expect, on descending, the young nearest the surface,
then largely males, followed mostly by females, and finally
almost ontirely by still lerger females at the bottom. A
5140 P.M. they had all considerably increased in musbers at
the surface, it may be that they are all more positively

to this sunlight - the faot
that just after sunrise there is a decrease in numbers at
the surface does not support this, however. Another explan-
ation may be in the faet that Klugh (1929) found ultra violet
14ght to bo somewhat lethal to this form; 1t being a well
known fact that this radiation is absorbed in the first 2
motros of soa water. When sunlight begins to weaken at 5:40
P.M. they all extend up towards the surface indicating them
o be still more positively phototropic to the weaker inten-
sities of sunlight. The number in the upper 2 metres fluotuates
somewhat throughout the night. MNo reason for this can be seen.
In the case of the males there appears to be a downward migration
starting at midnight. On comparing the distribution of males,

fomalos, and young at 5:40 P.M. and 6:25 A.M., no reason ean
be given for the lack of individuals in the upper 2 metres
after suirise, as, on the basis of phototropism, they should
be vory abundant hers. It is seen, however, that the mumbers
are vory low both for all other depths and all other speeies.
It may be that the tows were not effoctively carried out at
6425 Ao



The males were all limited %o the deeper water during
sunlight, extending almost uniformly from 10 metres to the
bottom. By night-time they showed an intensive concentration
right at the surfoce, showing that the majority had undertaken
an extonsive migration from the deeper water right up to the
surface, at which place they remainod throughout the night.
Just after sunrise they returned to the deeper water again
oocupying the same position s on the provious day.

The females were comparatively scarce. In gemeral they
behaved as did the males. Their scarcity, however, prevents
any other conclusion.

The young were the most abundant of all. In general they
behaved as did the malos, with their maximun in the deeper
water dwring sunlight and largely concentrating at the surface
at night=-time. There is, however, some ovidence to show that
they extended nearer to the surface during the day-time than
da1d the males.

Laboratory experiments bear out their distribution in
nature. During the day-time they are negatively phototropic
%o sunlight living in the deepor water. Dus %o their positive
phototropien to weak light they extend up toward the surface
as the day drew to a close, 5o that by 8:55 P.M. thoy had
largely acoumulated at the surface. Furthermore the experi-
ments indicnte why thoy remain in large nusbers at the sur-
face throughout the starlight night, in that they are nogatively
gootrople during starlight and darkness. Xxperiments on in=
A1viduals taken near the surface show this negative geotropism



Furthermore, individuals from a depth of 18 to 20 metres
showed no geotropism and it is possible that these are the
froms which do not reach the surface during sterlight.

This is the second most abundant copepod in this locality.
The males were all limited to the lower depths during the day
extending more or less uniformly from 10 metres to the bottom.
By night~tine they had carried out an extensive migration up=
wards, 5o that during the night large numbers were found in
the upper layers. A considerable fluctuation oceurred in the
numbers at the surface during the night. Soon after sunrise
‘they had passed back down into the deep water again, occupy-
ing a position similar to that of the previous day.

The fomales wore comparatively searce, behaving, however,
as 414 the males, except that no appreciable fluctuation in
the numbers at the surface ocourred throughout the night.

The young extended nesrer to the surface during the day-
time than d1d the adults. By night they had extended wp to
the surface. Soon after sunrise they had descended again to
the distribution occupied the previous day.

Laboratory experimonts indicate Zortanus to be negatively

and 0 light of high intensit-

ies hence explaining their abundance in deep water during the
day. During weak light intensities they show a positive photo-
tropism which is stronger than thelr geotropic force, and hence
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they ascend upwards as the day draws to a close (possibly
also due to weak indto-

ate them to have no geotropie response during starlight and
80 we could expect 1ittle ohange throughout the night. This
latter fact is not entirely followed throughout the night,
Que largely to the distribution et midnight, espeeially at

2 metres, although the other two night tows approximate each
other; as all the species obtained in the 2 metre tow at
midnight are quite searce, it is possible thet this tow was
not effectively carried out. Soon after sunrise they had all
descended to the lower depths, and as intensity of the sun-
1ight at this time is low and tho amount entering the water
must be extremely small, if any at all, (Murray and Hjort -
PP 95-94) 1t must take @ very small emount of light %o evoke
positive and nogative This effect

1s even more noticeable in the case of the male. Comparing
mal.

females, and young, 1t is shown that the young are not
as strongly repelled by strong light and attracted by weak
1ight as are the adults, especially the male.



L

A study was made of changes in the vertical distribution
of the common froe-swimming copepods of Passamaquoddy Bay,
New Brunswick. The species studied were Calanus fimmerchious,
Eseudgoslamus migutus, Acarvls slausi, Tortanus disesudatus,
Eurytemors hardmani.

from are given on pages

5, 6, 7 and 8.

Observations on this vertical distribution in nature over
@ period of 24 hours with a eclear sky show:

(1) Tmmature Calanus fimmarehicus of copepodite stages
IV and V, showed strong negative phototropism to all intensit-
1es of sunlight causing them to descend to the lower depths.

They showed positive to weaker of
11ght extending up to the surface at night, this upward mig-
ration the night.

(2) Pseudooalanus minutus proved to be comparatively
scarce, preventing any differencos %o be obsorved between
males, females and young. In genersl 1% showed negative photo-
tropian to all intensities of sunlight, causing 1t %o seek the
lower depths while the sun wes shining. It became positively
phototrople to weak 1ight, however, extending wp o the sur-
face at night. No evidence of m continued upward migration
during the night, such as was observed for Cffanus, was found
however.



(3) Acartia glausi. Males, femmles and young all
showed a degree of positive phototropism to sunlight. The
young the positive rolloved
by the males and finally the females. The femalos, however,
showed differences in that the smaller were to be found above
the larger. As the sunlight decroases in intonsity from that
existing about the middle of the afternoon there is an ex-

tensive upward migration to the upper 2 metres, at which stratum
the mumber of individuals fluctunted thraughout the night. It
1s possible that the largest females remained in the decpest
water and carried out no extensive migration at any time.

(4) HEurytemora hordmani. Males, fomales, and young all
showed negative phototropism to all intensities of sunlight,
being largely found in tho desper water during tho day. Be-
onuse of their positive phototropism to weaker light they had
extended up to the surface by night-time, throughout which
they remained largely concentrated at the surface as & result
of negative gootropimm in starlight. Females were quite scarce,
but acted rather similar to the males. The young were not as
strongly positively phototrople to sunlight as were the adults.

(5) ZTortanus disesudntus. This species is So be found
largely at the lower depths during sunlight extonding upward
when the light becomes very weak s as $o be found in large
nusbors in the upper layers during the might. This distribution
1s correlated with positive geotropism and negative phototropisam
to strong light, while positive to
weak 1ight, and showing no geotropism in starlight or darkness.




The males appear to be the most strongly repslled by strong
11ght and attracted by weak light, the fomales loss so, and
the young still less.

(6) ZTemora longioornis was so rare that nothing definite
oan be concluded.
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