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MARCAREE SALION TNVESTIGATION
1037

Report No. IX Smolt Spring Growth of
-Mo

By Wm. 8. Hoar

Studies of the smolt spring growth of the Margaree salmon in
1936 showed that:

1. Soale growth takes place during the migration to the sea.

2. The circull formed at this time are intermediate in char-
Bcter between those of the parr and adult fish.

3. The oircull become broader as the

ason advences.
4. The amount of smolt growth is proportionsl to the time
spent in resching the

5. Proportionally to their length parr show a more rapid
growth than the smolt which have remained in the river (See M.S.
Report on this subject for 1936).

Similar studies of 165 suolt and 100 perr Quring the present

on substantiate these findings. The smolt studied this year
Were collscted at liargar

Harbour from May 24th until June 12th,
and at Forest Glen Srook from ¥ay 30 until iugust 7. Perr were
taken throughout the river system, The detailed measurements
are given in sppendises "B" and "CM of the report on "Changes in
Gondition of the argaree Salmon”.

With the exception of two smolts - one taken on May 24 and the
other on lay 29 - all scales shoved that at l

one oirculus had
been formed before reaching the

Since collections were made
this year throughout the greater part of the migration it seems
certain that growth is made in over 90 per cent of the smolt



s
93+ % for the data of 1936 and 1937).
descending the Margaree.,/ Studies of mature salmon scales would

scargely lead us to believe that such a large percentage of fish

show this growth., 4 careful consideration of the adult scale,
however, shows that the above conclusion is probably true. These
scales show that the oireuli following any winter's growth are
usually narrower by about one division, then the majority of the
‘summer bands, The following table prepared from scales gollected
on June 16 illustrates this feature, In nome of these fish was

"smolt spring” growsh olearly marked.

Length Weight Width of Ciroulus
of Fish of Fish FoIlo T winter Tollow
uter 5 3
Girculus _ Circulus  Ciroulus Circulus
2 4 2 5-a
2 5 4 48
3 a5 3 425
2 3-d 3 4-5
2 8-5 3 5

Comparing this data with that in the table on pages (widths
of Individual Girouli) shows why ome is not awsre of smolt growth
moTe often whan studying adult soales. Practically all the smolts
do commence their spring growth with comparatively narrow bands.
However, when there are but one or two of these, as in smolts 2, 4,
8, 9, 10 eto, they can scarcely be distinguished from this gradusl
widening, which takes place in any spring. The earliest amolts to
0 o sea Will then show no smolt growth in their adult scales, even

though a small number of oirouli mey have been formed. Conversely,
adult salmon showing this peculiar region of scale growth were

largely fish which descended the river later when smolts.



The table below illustrates the fact that the amount of scale
growth is direoctly proportional to the time spent in reaching the

Scale Growth of Margaree Harbour Suolts.

T erage o, of  Average W
Date  Specimens Cirouli added  of Ciroulus
a 2.9 0.26
48 0427
2 e 0.28
26 s 0.29

lot only does the number of oirculi - hence also the percen-

tage of the totel scale growth - incresse as the sesson advance
This last feature is true only fo &

but the oirculi become wide:
limited extent, 7The widening reflected above in the average figures
1s due %o two factors. The bands do widen graduslly for the first
two or three eireull (table on paged). Hven after this, however,
average figures will still tend to show an inorease in width,

due to the fact that more wide oirculi are being formed.

In 1936 we concluded that the growth under study was character-
1stic of the smolt spring and not of the estusry or locality where
the smolts were taken, A comparison of the Forest Glen Brook fish
(table given pages) with those taken at Margaree Harbour (table

above )sheds further light on this problem.
Forest Glen Brook Smolts.




“aa

In considering this table it must be remembered that the fish
of Forest Glen Brook grow more slowly than at meny other plsces
on the river system. This is evident from the fact that 75 per
cent of the fish are 3 year smolts, as compared to 27 per cent of
3 yeer smolts teken at the Harbour Mouth. loreover, fry collected
at Forest Glen Srook in the first week of August averaged 4.0 o.n.
fry from Widow Lord's
Bridge)

in length, as compared to the 4.9 o,
Brook or 6.1 c.m. fry from Horth Sest liargaree (Doyle!

collected at the same tim

Although growth is slower in this river the amolt adds oirculi
to 1ts scale in the same menner., The table shows that the number
the

of oircull added, and the percentage growth made inorea:
season advances in the seme manner here as at the Harbour Mouth. The

m to show that the age width of the circulus is less

figures
in the Forest Glen fish. The table given below, nevertheless shows
that oirculi formed here are of the same general width as those
formed at other places, However, the bands tend to form somewhat
later or more slowly; for example, fish taken on June 10 at Porest
Glen had added 2.7 oirculi, while those at the Harbour hed added
4.4 ciroull, This is the difference which is reflected in the
average figures for the width of .the oiroulus.

fidths of Individual Cirouli

B . sTons] o:
tion Individuel Circuli Formed During
Current Year.

T Way 24 Harbour

3

5

8 May 26.  Harbour

9 May 28 Parr marks evident.

10

67 June 5 Harbour 2

80 » » 4-4

55 * £ 3

87 R » » 4 B, 5

63 0 "




56 o CON
Collestion Individusl Circuli Fommed During
nt Year

129 June 10 Harbour 3 3 8 8,3

150 58,3 8¢83

G - " 3 4 3 & 5

15 %83

1 ‘ h-:am Forest Glen)?

126 .Jume 12 Harbour

120

101 June 16 b 3, pH 28
June 15  Chapel Bridge T A

108a  June 19  lMargaree Ford 2, 3,

2 June 20 liarg, Estuary 1 %, 4
110 iug. 2, Trout Brook Bands unitoraly n(u 1ot puabin]
104 July 4’ Glen Brook 2, %, 1, 4,

May 30  Glenm Brook £
:, B
L, %, 1
156 July 6 . 381
bt b « n 35
146 Juiyis v e B .3,
s, B, 5..8,
162 July 22 ;88 & By h
183 s, 2, 2, 8, 8, i, 4, ¥
168 8 8, 1‘ i
avg, 7 %6 8k Ll

JE 1& G i

It is evident, then, that the rate of widening of the circulus

and the width of the ridge formed is unrelated to the estusry. i
ocareful study of the soales of four prr, seined from the estuary in
company With a smolt failed, moreover, to show any growth that might
be characteristic of the estuary. 7Thres of these parr Were two years
0ld, and hence of the sane ago s the suolt taken With them,

The scale growth of the smolt is, like all soale growtn, de-
finitely by the This is shown
in fish whioh becau

of natural or artificial barriers have been
prevented from reaching the

Thus @ smolt - 22,6 c.m. in length -
taken at the mouth of Trout Brook on August 2nd had added 17 bends
of almost uniform width during the season, This fish was apparently



26
returning from & sumer of good feeding in Lake Ainslie. The
oirculi were considerably marrower than those formed in the se

(0.2 as compared to 0.4 or 0.6). This growth is very similar to

that of the last saolts to leave the estuary (Nos. 101, 102, 105
Feeding conditions here might

and 105a of the table on page 5).
be expected to be good, and comparatively narrow cirouli temd to
form rapidly, #his is in contrast to the growsh of fish forced
t Glen pool because of an artificial barrier to

%o stay in For
their descent. The fish here after the first of July form tie
arrow bands characteristic of  winter's growsh, and presusably

of poor feeding - (Table page 3). Thus it seems that although saolt
growth is typioal of the smolt and more nearly that shown by the

adult salmon than that of the parr, the exact character of this
Under

growth depends on the local a
growth is rapid, the circuli being wider than those of the parr,
but narrower than ridges formed in the sea. Under adverse con-
ditions narrow ridges characteristic of winter growth are formed.

The formation of the bold wide bands characteristic of sea growth

1s evidently dependent upon the fish's reaching the
lmon scale in the first year

4 check 1s often found on the
of sea growth. This frequently appears at a point which might very
It would be inter:

wWell be formed when

the smolt reached the sea.

1ing to know whether this was due to a prolonged stay in the river,

conditions,
to their lengths parr show a more rapid growth
4s any fish becomes longer

or to other adverse

Proportionally
then smolts under similar condition:
the percentage of its total lemgth which it can add in any given time
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must become loss. For example, yearling parr show a greater per-

centage increase of growth than tWo year Darr at the seme time
1in the season (47% for yearling parr as against 51% for the two
year olds). similarly, two year suolts grow more, comparatively
speaking, then the three year fish (25% as compared to 11%).
Remembering this, however, and comparing parr and smolt of the same
age, We find that the parr grow more rapidly. The table below
shows this. Parr tend to add a greater percentage of their length
during the same time, end to add a greater nuaber of cirouli,

but these ere narrower.

Gomparison of Parr and Smolt Scal

Date  Place of  Age of Specimens Average iio. Average Aiverage
Collection Fish  Studied of Circuli Width of % Growsh

Arculus
June 29 largaree 2 2 Parr 10 0.21 4
Batuary
1smolt 1 0.2 35
July 4 Forest Glen 2 4 Parr 6 9 25
Brook
4 gmolt % 21
22 3 1 Parr 9 31
4 smolt * 26
Summary

1. The majority of the liargaree saluon show a suolt spring growth.

2. The emount of this is proportional to the time spent in reach-
1ing the sea.

3. The first two or three circuli often show a gradual widening
out, This prodebly indicates that the smolt metamorphosis is
sTadual,

4, In early smolts the spring growsh passes into the sea growth

without leaving ny obvious record, In the later fish the spring

descent will be olearly merked by oirouli marrower than those formed



in the sea, but more nearly similar to the latter than the narrow
parr ridges.

5. The growth studied 1s not typieal of the estusry but of the
smolt,

6. 4 prolonged stay in the river after metaorphosis is Tefleoted
on the soale eccording to the envirommental conditions, With
favourable conditions, such as found in Lake Ainslie or the
Margeree Estuary, rapid growth will contimue, Under adverse
conditions growth almost o

8.

7. Parr grow more rapidly than the smolts remaining in the
river, fThey are probably better adapied to life in the fresh
ver (7)




MARGAREE SALNON INVESTIGATION
1957

Report Ho. X, The Reactions of Young Salmon
e iR 1

By Wa. S. Hoar.

48 yet 1ittle s known of the mechanism whereby some fish
ney pess from fresh to salt water and back again, This problen is
especially pertinent in the case of an anadromous fish such as
the salmon, spending the early part of its life in fresh water,
maturing in the sea and returning to some river to spawn, In
many Tivers fish have a long estuary, with waters of gradually
initie

ohanging to pass through in their journeys to and from

the ses. Such an estusry - for example the Mergaree - may contein
on occaston all stages of salmon perr, smolt and river mature
fish., The fish might then in such cases becoms gradually adjusted

to these changes of salinity. fThese conditions, however, do mot

hold for every river. ‘fhere are rivers whers the passege from
fresh to salt waters is most abrupt, leaving no room for en adjust-
ond th

ment, Yet smolt d e rivers and mature saluon return to

spewn, There 1s evidence that perr, however, in these places may

be washed out to and killed, It would be valuable, then, to

know under just what conditions salmon may pass sefely from fresh to

salt water and back aguin. Is it a matter of size? Do they
tend to be climatized to waters of different salinitdes? Whst
effect do changing salinities, such experienced in an estuary,
have on the fish?

With the sets of

questions in mind the following thre
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experinents were designed in an attempt to olarify the situation.
The effect of (a) different salinities on fish of different ages -
(b) ohanging salinities on young saluon - (o) inoreasing salinity
on the fish.

Materials and Methods.
Salmon of four different siz

were studied

1. Parr seined from Widow Lord's Brook, Mergares Biver - aversge
length 8,5 on.

2. Fry from the seme locality - average length 4.9 oa.

3. Hatohery Fry -

4. Hatohery Fry (starved for more than a month) average length 2.70a.

rage length 3,6 om.

Assusing that age, in this case, is proportioned to size, we have

four differently aged fish on trial, All were in excellent condi-
tion except the small hatchery fry which becane weakened toward the
end.

Pint frult jers containing 300 cc solution were used es con-
tainers for the fry, and enamel pans - 2 litre capacity - containing

1800 co for the perr. Quart fruit jars were tried and found %o be

o0 suall for the parr.

The containers were placed in a strean 1o keep the tempore

ture comperable, and a shade was constructed over them to ward
off the strong light.

Sea water was obtained fresh befors each experiment to
insure good meration. Water of the required salinity
pared from the following formula -

IF A - quantity of water in use.

pre-

S - actusl salinity,



'~ desired salinity.
57~ salinity of water used in replacing,
4%- anount of water to be replaced.
General Formul

Going to a higher salinity.

Water of salinities higher than the sea water was obtained
through a slow evaporation of the latter over an open flame and
subsequent seretion by shaking small emounts in gellon jugs.
411 water

kept either in gallon jugs or & wooden keg.
Prelininery Experiments.
To determine the effect of s

inity alone all other factors
must be constant, femperature, 1ight and oxygen supply are the
factors most 1ikely to enter into the following experiments.

The first two were governed as described above, while the following
experiments showed the conditions necessary to insure an adequate
supply of oxygen. This could be governed in two ways, by fre-
quent changes of solution or by increasing the voluse of solution
for the given mass of fish. Since saluon tend to 1ive for rather
long periods at the lower selinities, 1t

for an oxygen supply sufficient to last for, st least, two hours
during the day and for twelve hours at night.

The first set of experiments carried out with 6 fry in pint
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Jers and 3 parr in quart jars showed that fish live longer in
jers containing eir shove the water than in jers completely £illed
with water.

The other sets of experiments were nec

ary to siow that
but one large fry could be placed in & pint jar - 300 oo solution -
with impunity, end $hat quart jars were too suell for the parr,
muoh as the fry, and it vas found that
enanel pans containing 1800 oo solution were very satisfactory

The parr weigh about 6X

for the

During the course of the following experiments it
was demonstrated that 1 fry in 500 co solution, or 1 parr in
1800 oo solution, remained in good condition for as muoh es 18
Bours. e may safely conolude that the fish had an anple supply
of oxygen when changed &t 2-4 hour intervals in the day and
remaining for 12 hours at night.

Experiments to Deternine the Lethel Tiues for Different Sized
Fish in Waters of Different Salinities.

Expertnent 4
Large and sasll hatohery fry were tested. Measurements

showed that the larger fry were 3.5 times heavier. It was then
necessary to have one lerge fry to 5 small fry., As it vas
deemed safer to place only one large fry in a bottle two series
of small fish were tried, one with 5 per jar and the other with
4 per jur. As mo difference in behaviowof these two sets was
noted the results given below ere for a combination of them.

4 second series of large fry was Tun as a check,
The salinity of the water used here was found %o be 25.44

Waters of salinity 10°/ss - 20°/es and 28,44",

were used.

The following table gives the results in abbreviated form:




e
Tine Temp. 0 . .20, 20 2.0 10 28
July 25 Zxperiment Commenced
11.15 an,
1.45 pon. 19,0 1fry on
side
2.85 pon. 3 fry
dased
3,25 pom. 19,1 1try 411 desd
on side
4,15 poa. Pry on
side
4,35 pon. 19,0 5.70m fry
dend
s pa 4.00m al-
aost
7.50 paa. 8.1 2 rry 4.0ca fry
dead dsad
7.45 poa. Fisa
less
sctive
9,45 pom, 4 try
dead
July 29 .
8.15 a.n. 16,2 1 par- A
asitic doad
zed
1.30 paa.  10.6 3.50m
eed.
4.45 pn, 18,8 4.1en
on'side
5. pm. . Almost
deud.
7.0 pan.  17.4 Desd.
July 30 .
Se.m 180
1Zaa 17,3 1 i
aead
July 31
5 pne otner ¥
e E ) Remaining fish in good

condivion August 15%h.
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~+ Gontrola ssem to be parasitized and several die before conclusion of
axperiment.

# 3everal fish died but their condition was poor and factors other than
salinity have probebly been operative.

‘Ssperinent 5.

This experiment was the same as the last except that native fry
and parr were used as subjects. Determination of the weights of the
fish showed the parr to be 6 times as heavy as the fry. ELnamel pans
containing 1800 ce were used for the parr, and pint fruit jars with
800 oo for the fry., The sea water obtained had a salinity of 28,68,

The following table summarizes the results:

Effeot of Salt Water on Young Salmon

a7 Tonger STon] Targs ¥y TAv: Lougts 5:56)
ZTemp. 0, 10, 20 g 28 Q20 20 .J

e 188

2,15 pom. 20,6

4 pum. 19.8 slignuly
weakensd.
6. p.am. Dead -
(4.90m)
6,30 pom. 18.5 on side.
7. pa. Dead-
(8.50m)
15.8 Dead
(5.1cm)
Dot
(9.7¢a)
22.1
905
18.8
221
20.2

Fish in good condition on Aug.l2th



rinent

e placed in water of 45§ and 60fic at 8,35 sum.

Native fry
(Temp. 20.1). 4t 9 a.z. the fish were still swimaing well and
apparently in good condition. At 9.30 a.m. both fish were dead.

Discussion-

Although temperatures wers recorded throughout, wid their
sffect is evident, we shall neglect them in the following general

discussion,
The following table suuiarizes the resulis of the three

experinent:
Lethal Times it Various Saliniti

Tengeh of

!::: “c:.nirox 10%o 20%e 2% 45%e $0%s
2.7 em. 75 Hrs.(?) 10 B4
3.8 oa. 26-52 55
5.1 e, n-20" 8 0.5-1  0.5-1
8.5 om, 25-30 9

*iote~ inother series lasted 40-48 Hoy
(Teuperature several degress lower)

The data is also shown in the two graphs on page7s. Figure 1

shows the lethal time in full strength sea weter in Telation to the
length of the fish, while Figure 2 shows the lethal effects of
aifferent salinities on native fry.

Thus 1% 1s evident that the lerger the fish the more Tesis-

tant 1t 1s to selt water. loreover, waters of higher salinities

bring about death more rapidly than waters of lower salinity.
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Tigure 2 shows that sbove salinities of 20%e the curve rises
very rapidly, so that at the highest salinities there is very litile
difference in the lethal tises.

Young salmon were kept alive in excellent condition at salini-
ties of 10%e for over a week. The suallest fry did die at these
low salinities, but they were Weakened fish in poor condition as
evidesced by the fact that even the controls could not be kept
alive indefinitely. These becaie weakened, moved in a spiral
fashion for a time and eventuslly died, Parr have been seined
fron the estusry at points where salinities of-10% and up to
18 have been reported (Rogers' 1S. Report on The iiargaree Estuary
1936). Our results tend to show that the young saluon may live
perfectly well at these lower salinities. This is particulerly
true since the salinities would fall much lower than this at tines
1n the t1dal cyols, thus giving the fish time to recover from any
below).

harnful effects before the next salt water (

The Effect of Changing Salinities on Young Salmon

Native fry from Widow Lord's Brook were selected for this
study. Pint jars with 300 co of solution were used end changes

made every two hours. Three fish were observed -

1. In streem water changed to the saue every 2 hour:
2. In sea water (salinity 28%e) ohanged to the same every 2 hours.
3. In sea water ohanged to strean water, these alternating at

2 hour intervals.

The experiment was commenced &t 6,30 a.m, and continued until
10,50 pom, Water temperatures &t 6,50 .., 230 p.m. and 6,50 p.m.
were respeotively 18.5°, 25.0° and 19.9°C, Between 1.50 end 2 p.m.
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(i.e, after 7 hours) the fish whieh was continually passed into
sea water died. At the end of the day the fish passing from sea
water to strean water and back, although it had spent 8 hours in sea
water, was in good condition,

The following morning at 8.45 a.m. the experiment was continued
end run until 9.45 p.m., giving the fish 6 hours more exposure to

salt water. It was The water

on this day were 19.5°C at 8,45 a.m., 22,2°C at 5.15 p.n, and
20.6°C at 7.30 pum,
It seemed that the fish might be maintained aluost indefin-

itely under these conditions, 8o on the next day both fresh water

control and the experimental animal were placed in full salt water.
It was thought that by determining the resistance of the two animals
0 salt water some effect of chenging salinity on the fish might e
demonstrated, Temperatures this day were 20.1°C at .45 a.n. and
21.5°C at 5.30 p.m. At 4 p.m., after 7 hours, both fish were in
£00d condition, although the experimental enimal seemed less active.
Unfortunately, the experiment could mot be followed closely to its
eonclusion, However, since it was nearing the lethal time ( 8 hours|
for fry of tiis size, 1t seems probable that no great difference in
death Tate would have been found, The comparative imactivity of
the experimental fish mentioned sbove Was no greater than we might
expect from individual variation.

The experiment shows that fry are little affected by sea water
Quring an exposure of 2 hours. Any effect which such an exposure

may have seems to pass off when the fish is Teturned to fresh

water.
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The Effect of Inor salinity on Yo n.

It was hoped to demonstrate whether young salmon could be clina-

tized to waters of high salinity, or whether they could live longer
at high salinities when given & period for adjustment, ime, however,
permitted the oarrying out of but one experiment.

A fry - 5.2 on. long - and & parr - 7.9 ou. long - were placed
in en enamel pan containing 900 ce fluid of & salinity Sfe at
6,30 @.a. The salinity was increased by S%. every hour. The fry
and the parr in 45fe. The difference in time,
however, was not great as the parr died 15 minutes after going

died in salinity 40

into the last solution.
This experiment reaffirms the fact that the larger fish are

more resistant to salt water and can stand waters of higher salinity,

One cannot make any statement froa this experiment as to Whether the

saluon may be climatized to salt water or mot,

Susmary.

1. Sea water kills young fresh water salmon.

2. The higher the salinity of the water the more rapidly is the
f1sh killed,

8. Larger fish can stand higher salinities, and can stand salt
water for longer periods of time than tae smaller omes.
This can hardly explain, however, the e

Dasses into the ses, since memy smolts are scarcely lerger

with which the smolt

than perr which are killed by sea water.
4, Water of low salinity - up %o 10%s or more - has no apparent

effect on fry and parr.
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Young salmon sre apperently uninjured by selt water exposures
of 2 hours, or are capable of a complete Fecovery from any
suoh injuries when placed in fresh water for the same time,
The last two facts indicate that young saluon uay adept them-
sels

to a life in parts of the estuary. Indeed we have found
then theTe,



MARGAREE SALMON DNVESTIGATION
1937
Report No. XI.  Miscellanecus Memorands - 1957,
By W. S. Hoar.

Juze 10 The AuCoin Bros. report that they have taken more
slink salnon then usual this year.

June 14 The fishernen commenced "Gutting" their fish before
shipping them avey. This was continued until July 12, During

this period 422 of the stomachs were exenined, and & search made
for tape worms, Sex ratios were also recorded. The dewis given
in detail in the Condition Pactor report = Appendix E. All of

the stomach.contents vere preserved for study.

Mr. Turnbull of the North Xast Margaree Fish Hatchory reports

thet he has taken many mmolts in his traps as sarly as Februarys
June 15  Suolts were taken at the Chapel Bridge.

June 17 Observed & few suolt at Leurencels wharf for the last times
June 18  Took a smolt et Margaree Ford.

June 24 Yound capelin in the saluon stomeohs. There were found,
somstimes in great mmbers, for five days.

June 27 Hand seined in Boohan Brook, ad took some yoarling

end 2-yoar perr between the river and the roed bridge but could

take 10 fry.

June 29 P, ¥. Elson and I seined seversl 2 yosr parr, & smolt and
& yesrling gusperesu from the main river below the Hetoher Retention
pond. The gesperseu hed very pele £ills,



Zuly 7 Mapoleon AuCoin reports seeing e school of capelin
nar his saluon nets. Other fishernen gave reports of capelin
from June 25 omwsrd, but say that they have not seen them here

for some years.

od a lorge saluon neer Leurancets wherf. Some
have been seen in the harbour letely.

July 20 Aneus MeKinnon took two butterfish (Poromotus triacenthus)
1n ks salaon nots foday. Only ome of these ¥es brought in to the
freszer. Tis specinen has boen preserved. It was 26.4 o.m. long.
Inguiries among the fishermen indicate that this fish has not been
noted here before, although meny of Wem have fished it slsewhere
and know 18,

July 26 Joseph E. Cormter took a 16 pound salson on his cod
travls, two miles off Margaree Ferbmr.

Aug. 2 P. ¥. Elson took o 22,6 o.m. selmon from Trout brook,
beneath the road bridge,

Observations indicste taat thers were more salmon of
extrens lengths this year then in the two previous years. lore
erilse were taken during tegeing and more selmon of more then
100 c.n. length were brought in.
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Report No, XIL, \Vater seuperature, wator level, and wind

o Ealgares Rives srstime 1930y

By H. M, Rog

In the preparetions for the contimiation of the Margeree
investigation, several machines for recording the water level

were designed ond mamufectured during the winter of 193637 for
use the folloving summer.

4 Qeseription of these gauges has
In addition to these, a machine for
recording the wind direction was slso comstructed.

been propered separately.

During last swamer, four of these hydrographs were.put into
operation. One was: placed on the imside of the southewest pler at
the harbour mouth, the purpose of which was tQ measure differences

in water level due to tidal fluctuations, A second was placed

Jjust above the head of tide on the north benk of the river, snother

on the NorthBast Msrgares just beneath Doyle's bridge on the east

bank, and the fourth on the South-iest Margaree on the west bamk
@ stort distance above the highway bridge st the Forks,

Baoh nachine was so placed for a definite purposes The herbour
tide-guuge wes to measure mainly the tidal fluctuations so that a

definite record for ell hours of the day oould be obtained, but
1t also o

1d be counted on within limits to siow an irregulrity
in the river discherge. The "head of tide" nmachine, w:ioh was

actually far enough above the limit of tidal influence so as to be
unaffected by it, was intended to messure fluctuations in the level

of the river proper, freshets and any other disturbances being thus
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sutonatically recorded. The other two uaohines made records of

the levels in their respective brasches of the river, being placed
s near

possible to the mouths of the streams, so that the date
obtained would be & Tecord of the total flaw for these branches, a
desired improvement for instance upon the date to be cbtained at

the station at Frizaleton, some 1ittle distance above the mouth
of the North-Zast Margare:

Hot only were they edvantageous from
this point of view, but @ record of the particulsr hour that &
re

ot began could be obtained, & feature thet is lost if wat
lovels are messured only once or twice deily.

Beoh hydrograph and 1ts case wes pleoed within enother box
for protection and the whole set on the top of & wooden column
Whioh extended down into the water. In this column, the copper
float connested to the machine by o chein, vas fres to move
verticelly es the water rose and fell, The harbair hydrograph was
mounted on the side of the breskwster, but in the case of the otier
nachined, where no such ready mede supports wers availebls, a

scaffolding wes constructed to support each one in water of a
suitable depth.

With the exception of three or four ocoasions when the pencil

carrier stuck, the hydrograph installed st the harbour mouth
operated quite succ:

sfully, end everything hoped for was obtained.
The possibility of the cerrier stioking agein is & mtter wioh
can be remsdied quite siaply, so that in the future

no trouble
should arise from thet angle.
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Wave action is quite noticesble in some of the curves, end
1s @ fault, not of the machine, but of the wooden column in which
the float was free to move verticelly, Hed the coluun been
constructed of matohed lumber, this undesirable feature would have
been removed to a great extent. For future use, the seams 4n the
column oan eesily be filled with some suiteble materials

The success of the other hydrographs was only partisl, and as
mioh confidence can not be placed in their graphs as would be
desired, their sensitivity to very small fluctustions in water level
over a considerable period, not being absolutely dependable at all
tines, From the knowledge already gained from their first performance
havever, it 1s folt that a few minor alterations will render their
future operation quite successful, *

The wind direction recorder was set up on the property of
Capt, William Dewson at the Orey Capes, & looation wiick was oon-
sidored to be the best in the neighbourhood for the objeot in views
104l carrier sticking on

It wes not a great suocess dus to the p
the slide, To overcome this difficulty, the only necessity is a
Teversal of the position of the clook so tat it Vill 1ift the
penoil up the arm instead of relying on the velght of the arm to
carry itself down, as the olosk slackens the supporting chain, The
elnost perfest records obtained on several oocasions were sufficient
%o show that with this minor alteration, thé wind direotional
recorder shaild also be & complete suooess.

On' the last of June, an old style anemometer, borrowed from
the Meterologiosl Service in Toronto, wes set up beside the other

for recording the velooity of the wind, It was discontinued after



& woeks operation, simse it nece-sitated sttention cach day
instend of weekly ss in the case of the othor mechines, a feature
whioh involved considerable tise as well ss money. If the investis
gation 1s contimued, 1t is proposed to alter this sechine so that
1% will run for o veek at & time without requiris attention.

As was done the previcus yeer, a thermograph vas placed upon
& raft and set in the ourrent of the west chamnel just above the
barbour bridge. Since only one level in the vater could be measured
at @ tiae, the surface vas ohosen as being most Tepresentative of
oonds tions in the river proper, end mose dependent upon stmospherio .
conditions than vater at a depths

The length of ¥iue that the various mchines were in operation
15 as follows:
1. Herbour hydrograph.
2. Head of t1de hydrosraph.

+oliay 29~ Sept. 11
«dune 12-Sept. 11
June 17-Sept. 11
«osdune 17-Sept, 11
May 29-Septs 11
+oliay 23-Sept. 13
+oJuly 1-July 8.

3. North East
4. South West
5.
6. Wind direction recorder.

7. Anemometer (Velooity indicator)...
Tho graph which follow are those recorded by the above

machines, end ere so grouped as o facilitate comperison with

one enothers



-

The Tic

The greatest range in the tide of the Margaree Estuery
over a 24 hour period, as messured by the geuge placed at its
mouth @uring the sumaer months, was four feet, ome inoh. This
renge oocurred on June 10th and 11th, when the effect of new moon
springs coincided with the influence of perigee. The corresponding
period in July was sluost s high, Wt due %o &n inoressing interval
‘between the time of new moon end perigee, the renge did not come
up to thet of the previous month. In Ausust the space between these
two determining factors hes egain further incressed, the grestest

range during that month being but 3¢ feet.

s was snown by the records obteined last year, there wes a
afurnal inequelity in the tides (common to all parts of the gulf
of Saint Lewrence), so that one of the two daily high tides may
be eluost entirely eliminated, as ocourred on July 14th, and Aug. 16s
The smallest diurnal range would be expected during either
the first or last luner querter, amd so 1t proved, there being 1ittle
o choose betveen elther of these periods. The smallest range wes
about thirteen inches on July 16th.
Mater Temporature
The temperature of the water &t the mirfacs in the west
ohennel fust above the herbour bridge sioved o varistion dyring
the sumer from a 1ow of 50° Perenheit on May 30th, to 81%/on
iugust 9%h, the latter temperature being registered sbout 3.30 ..
on e felling t1de when the air temporaturc was sbout 78° Farenneit.
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tors influencing water temperature
A8 was very apparent in the records lest yesr, the most
obvious foros goverming flutustions in water temperature is the
%ide. An inflowing tide briuge in-cold sea water cousing an abrupt
lowering in the temperature s recorded by the thermogreph,
followed by a rise as the water flows out again. The inorease in
temperature, which is of a more gradusl order than the deorease,
seems to follow aluost immediately the turm of the tide, so that
1% may bo sssuned that the ses vater whiich has entered hes to some
extent undergons & weraing. This inorease in temperature is
Tecorded as it flows out past the thermograph, ad the temperature
furblier inoressesas the warm river wster itself begins to pass outs
48 was found last yesr, in addition to Shet in the river proper,
them 1s opportunity for a considersble quantity of sea water to be
warned to high temperatures over the shallows of the upper harbours
Several modi fications are % be noted in this general scheme,
There is evident & different type of temperature curve depending
on the trpe of tide, the springs sroduoing & ereph like en imverted

U, the sides of which are more or 1

vertical, whereas the neaps
ere instrusental in ceusing @ curve more like an inverted V,with
gentle sloping side

The springs oceu:

this abrupt fluctuation
in the daily temperature mo matter at.what time of day they ooour,
but during neaps the effect of the tide nmay be domimated by another
factor, that of salar rediation.

It s the solar radiation which produces the inverted V curve,
a curve that tends o ocour st mid-dey or in the early efternoon;

when the tempersture of the air es a rule is elso at its highest,
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At springs, the effect of the tides is too great to permit solar
radiation to be very influentisl, but during the smsll tidel
fluotuations of neaps, it hes a chanoe to exert an effect. This

1s undoubtedly due, not only to the smsller emount of water floving
past the thermograph, but also its lower velocity, a small quentity
of water floring et a slow rate heving a grester opportunity to be

wermed then a large quentity et a rapid rate. This is exemplified

by the neap t1des of June 16th or 17th. The temperature of the water
insteed of falling es vould be expeoted on an inflowing tide is

Tising, a rise which began however before the t1de had finished
falling. This is in direot contrast with the springs of say June 24th,
where there is a direct correlation between the tides end the water
teapersture, On the other hand, during the springs of August 16th,
¥hen diurnel inequelity wes et & mextmm, no marked fsll in temperature

occurred with the £100d tide, sinoe there was a long period for the
rise of 2} feet, three times the length of en ordimary rising tide,

a lapse of time sufficiently long to permit

reruing of the water as
1% floved in pest the thermograph.

The effect of soler radiation, in so fer as it affects the
water temperature at &ifferent times of the day may elso be noteds
During the night and early morning, soler radistion is absent, end
the effect of this can be seen in the tides of say June 10th o 22nd.
On the 10th, @s the tide falls shortly before midnight, there is
@ small rise in the thermograph record, since at this time heet
4+ assimilated during the day has not been entirely loat. By the

36th or 17th however, en the fell in the tide is well past
aldnight (3 or 4 a.m.) the heet received during the previous day

has to a considerable extent been lost by radistion, end the




temperature shows a steady fall. On June 19%h, there was little

fluotuation in vater tenjewtures due %o the olouds which obseured
“the sky. By Jume 22nd, the morning ebb tife is suffictently late
to show evidences of heating, md the evening cutflow Hide s esrly
encugh to alsc raise the tempersture.

It should be noted thet the high spring tides ocour et Just
that tize of dey as the high temperatures which they foster, f.eq,
nld-day or afterncon, vhereas water temperstures oceurring at neap
+1des, which are largely controlled by radistion from the sun, also

tend to have their pesk at mideday. The water temperature curves

4 1ot coincide with those of the neap tides, wiich, ooourring
either six hours earlier or later than the corresponding springs,

oome at an inopportune time for assisting in the production of

high weter temperature:

There are different sizes of the inverted U ourve Which may
e explained partially by.the time of dey they ocour, and partislly
by an exenination of the t1dal curves w ich correspond to them.

It may also be noted that the fall in temperature on a rising

tide is morerapid then the rise on en ebb tide. On the flood tide,

the 0014 sea water has sn aluost immediate effect, while in the oute

flowing water, the temperature gradually rises ss the water that was

up river on the high tide and was heated to some extent, passes out
o be followed by still warmer river water.
On June 12th during spring tides, there seemed to be an

exoeption to the above general conclusions, nemsly, the water temper

ature d1d not fall vith a rising tide. This is due to the fact that

he temperature of the vater was elready at a very low level.

N e
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in water level at the river
The summer of 1937, especislly the latter pert, was rether a

ary one, and with a few ninor exoeptions, without freshets on the
son seensd vet, the pr

rivers, Though the firet part of the s
oipitation was 11ght end spresd cut, thus not affecting vater level
to any great extenty The South-west branch showed & greater

fluotuation in water level over the summer period than did the Northe

t, & festure rather unexpected since the South-west is fed by lake

Ainslie, while the North-sast derives its water mainly from springs.

The lake acts as a reservoir, md tends to exert & steadying influence
on the level of the stream vhich dreins it. The sudden fluotuations

mat be due to ipitations of &

1in the level of the

restrioted nature,
The generel level of the Southewest was about 15 inches lower

at the end of the swamer (Sept. 11th) then it wes et the beginning

(June 17th), while the water level at the head of tide dropped some
st colwm wes overturned

10 inches. Due to the fact that the North.
on July 12th, (by hunen sgency it is believed), end not reset until
July 16th, the relative level of the weter turing the latter part

of the sumier, with reference to that of the first pert, can not
wator level scele was

ve 4, since the
1t vas replaced at exaotly

attached to the column itself, end unle
its former level, there would be a disorepenoy in the graphs recorded
It 1s bolieved that the column

defore and after the interruption.
't up the second

was placed some six inches Gesper in the weter when
tide, and thus the ourves obtained sinoe July 16th are six inohes
If this be true, the North-esst dropped

higher then they should be.
over the sumier period,  distence of but eight imohes,

R
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Effect of rainfell on river level.

Only three freshets of eny apprecisble magnitude vers
experienced during the sumer, and they caused but slight temporary

rises in vater level. The first wiich oocurred on June 19th, but

seemed to be confined sluost entirely to the Southewest branch and
main river, v

caused by & rain wiich st Margsree Herbour gave &
precipitation of over § inch, If the North-esst branch remained
constant in level, then the greater part of the head of tide

fluctuation would be expected to be due to the rise in the level of

the South-west branch alone, The level at the head of tide began
%o rise o shoft time after tiat at the South-west hydrogreph in
agrosment with this expsctation,

matter of but 4} inohes on

This rise at this time was
oh branch.

The second freshet oocurred on July 6th, and was felt by all
three of the up-river hydrographs, but due to incamplete records, the
Tise in water level was not deternined. This freshet was brought
sbout by a rein totelling 1,17 inches at the harbour. It seemed to
have 1ittle or no effect on the level of the tide at the river mouth

s recorded by the tide-gauge, the low tide as & uatter of fact deing
lover then ordinarily,  phenomenon tiat can not be casily correlated
with & freshet in the river.

A freshet of 8} inches eppearsd suddenly on the South-west

branch on Amgust 18%h, disappesring almost as repidly as it came,
end vas ocoasionsd by a rainfall whioh at the harbour measured a
hird of an iuch. This freshet was not recorded on the North-eest,
and st the head of tide, was felt to but a small extents
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Rain, which gave a precipitation of § inch at the Harbour
on Sept. Bth, resulted in a brief freshet at the head of tide,
but this was not felt on either of the river branches.

The wind,

The direction of the wind was recorded by the wind machine
iaperfectly as previously stated. The type Of machine used was one
inwhich & verticel drun surrcunded by a paper was turned by & veme,
4 pencil actuated by & olook moved down the drum onoe a week, and
thus drew a line on the paper, the point at whioh the pencil pressed
upon 1t corresponding to the direction of the wind, Due to the faot
that the vind, vaich never sosmed $o blow constantly in any ome
airection, ceused the vane to move contimually, the curve drawn was
seldon & single olear line, instead, & wide path of nesrly parallel
lines was traced, Because of the @ifficulty in transferring such
recordings acourately to another sosle, only a smll portion has
been so transferred ss en exauple, (May 31 = June 3), the rest
being merely drevn in as & single line.

For the wind velooity, see records kept by P, F. Elson.

Effect of the wind

The wind affected the tide-gauge resdings in two ways. Firstly,

by intucing waves which, ¥ith the tide-gauge colwm in use, caused

the float to rise end fall as much as a foot, as nay be s

n on
September Bth, The wind effeot was always very notisesble in an
onshore breeze, but somewhat less obvious Wen it came from an
sssterly direction,

Secondly, the wind influenced the Reight of the tide, en
onshore breeze tending to push the vater towerd land. On Aug. 6th
the wind obviously inoressed the heisht of the tide, .and on Aug. 17th
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ond 18th, the genersl level of the tides was raised by the westorly
winds. Agein for'examle, on Sept. 8%, the effect of a heavy
" northerly wind wes not enly %o lnduce veve sotion, but to reise
the tides above thoir ususl level.
On June 1st, & curious phenomenon was noted,  According to
local fistermen, on that afterncon, within the space of an hour
or 50, the wator level three or four times hed risen and fallen
a dtstance of

moh as three fest, The recording of the
Rhydrogreph at the harbaur showed such & movement, oaused by
several large waves originating in the gulf of Seint Lawrence.
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SALION TGATION
1937

Report lio. XIII. 4 Study of the Effects of Current and Light
on_the Dehaviour of Belmon Fry end Parr.

By P, F. Elson,

Introduction

In the observations described below an attenpt was made

%o investigate particularly the effeots of various types of
ourrent on young salmon. It was mot possible to control all
other factors which Would influence the behavidirof the fish,
50 ome of the most important of these, 1ight, was also in-
vestigated to a small extent.

ihile the observations made leave much to be desired
in completeness and accuracy 1t is believed that certain facts
which are important in considering the behaviour of such fish

are brought out.

Location and Apparatus.
The experiments were carried on st Widow Lord's Brook,

&bowt 2 miles up river from Margerée Herbour, where certain
epparatus had been placed at my disposal by Dr. Huntsuan,

o pieces of apparatus were used, The first was used
primarily to investigate the effect of simple ourrent ohanges
and horizontal eddies. It consisted of a trough about 5
feot § inches long with & box about 2 fest square at its lower
end, The lower end of the box and upper end of the trough
were soreened, At the upper end of the trough two movable

wings were provided which allowed control of the ourrent



through the spperatus. Box and trough were built on the sane
bottom to eliminate any vertical currents. The second plece
of apperatus consisted essentially of & trough with a device to

control the water supply, at its lower end & tank of the same

width as the trough, sbout B foet long and 3 feet deep.
This allowed the produotion of vertical ourrents without
lateral eddies. The tank was also used for observations on the
effect of light. One side of the tank was formed by & gl

window opening into a darkened chamber from which the fish
could be watched without being disturbed.

General Procedure.
Observations were made on the behaviaw of the fish in still

water; in simple currents and curTents with various eddies; in
strong and week ourrents; on the offeot of chenging the rate of
ourrent flow; on the effect of vertical ourrents on distri~
bution and movement, and of the effect of 1ight on thoe dis-

tribution end movements of the fish. 4n attempt was made to

oheok some of the by
of the various factors.

Yor those observations in the first piece of epparatus
fry from the hatohery st Frizsleton were used., An attempt
was made to cheok some of the observations on native fry and
parr. In the second piece of apperatus native fry and perr
were used almost entirely,

nade using the first t

In Stil) Weter, iug.12. The apparatus contained oleven
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hatohery fry. Depth of weter was 2 inches throughout. The
ocurrent had been completely shut Off for over 24 hours. AbOut
2.15 p.m. the current wes allowed to run for 10 minutes

while dead fish and detritus were clesred from the apparatus.

The ourrent wes then closed off agein end the fish left for
helf an hour in order to sllow them %o become well adjusted %o
the conditions. Observations wers comnenced ai 5,00 p.n.
The sun had been shining brightly but about this time clouds
began passing over the sun. The ohanges in 1ight did not
seen to have very much effect on the fish es they were alvays
quite close to the bottom in the shellow water provided.
Fron 5,15 to 5.30 the 1ight was quite uniform end the fish
weTe not disturbed in any observable way.

wo of the fry swam back and forth the length of the
spparatus, showing & tendency to rest for sbout 2 minutes at
& tine in & sIight shadow in one corner of the box. One fish
maintained a position lying quietly at the upper end of the box,
&s though heading a slight current. (o current was visible).
This individusl drove away eny other fish whieh approsched

within about 4 inches. Two fish lay motionless on the bdottom

of the box for the whole period. Five stayed in the trough,
1ying horizontally to the surface and distributed uniformly
through the trough, None of these fish moved more then three.
inches from its original position. One fish swam about the
trough quite sotively but did not venture into the box.

4% 3.35 a few drops of rain fell on the surface of the weter.
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At once all fish sank quietly to the bottom and all wandering
ceased, The distribution

as in fig.l.

Pig. 1.

From 5,40 to 3.50 the sun appeared and diseppesred twice.
Bach time

the sun went under the fish beceme still and
sank to the bottom. 4s it oame out they rose and wandered.
about more. Those fish in the trough were more closely
distributed than those in the box, the proportion, in spite of
& small amount of migration, being nearly always 8 to 3.

At 3,55 there was little wandering by any of the fish
except when a small particle of 'food! fell on the surfa

Then the 2 or 3 nmearest fish would dart towards it, All fish
tended to keep intruders away from the point which they had teken
up.

Aug. 15 - The current was left olosed off over night.
From 9,00 0 10,00 a.u. the distribution pioture was essen-
tially as in fig.1. with but slight shifting of individusls.
‘The proportion of fish in trough to fish in pool varied between
9 to 2 and 7 to 4. When the depth of water was inoressed
to 3} inches there was a somewhat greater tendency to wander
noted, particularly on the part of the fish in the box., The

a was otherwise tially as in fig, 1 atill, with ¢
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very 1ittle more exchange between trough and box.
Subsequently when the current was shut off prior to obser-

ving effects of current change the fish were observed %o take

up, in about 10 minutes, positions as indicated ebove.

Those in the trough would be distributed quite uniformly,

some heading 'upstrean’, some 'downstream'. Those in the box

wWould be heading in any direction. The distribution was less

dense in the box than in the trough, and the fish here seemed

less pugnecious in keeping others from approaching them.

Baoh fish d1d, bowever, maintain its own position fairly

well with slight wandering relative to the condition when

the ourrent was first shut off.
lNative Fry - Aug. 24, 5.30 p.u. I placed 7 native fry

in the trough. At first they swam about in the lower box but

by 4.00 all were lying quiety in the box, heading in all

directions, Between 4.00 and 4.40 the current was turned on

but was off from 4,40 to 5.00 p.m. At 5.00 all fish were

1lying quietly. At 5.10 there was a slight wandering by all

individuals, TWo swam the lemgth of the trough and back to

fish

come to rest finally in the box, For some Teason thes

ened to prefer the box to the trough. Depth was 2 inche:

Aug, 26 - At 3.00 p.m. the fry were spread uniformly
“hroughout the apperatus. fThe current had been closed off since
the previous evening, f®hey were disturbed wien I removed the
cheese-oloth covering, but by 5.05 were quiet sgain, Five
were lying in the box, headsd in various directions, two were
at the upper end of the trough.

tive Parr- similer observations were attempted on




native par. During 5 days that 4 purrwere kept in the ap-
peratus, however, no observations comparable to those for fry

Were recorded. The parr seemed to be frightened and whenever

observed were merely lying quiety in one of the corners of the
box; usually all were crowded into one cormer.

Swmmary of Behavior in Still Water - When they have
been 1n s#11l water for over 10 to 15 uinutes the fry wander

slightly but not very vigorously, fThey mey head in eny direc-

tion unless the liuits of the container are quite olose on 2
opposite sides (as in the trough), then they tend to head
parallel to the longer dimension. Under such oircumstances
they msy lie somewhat closer together then in s more spacious
Bach fish tends to maintein an ares around it fre
nderings, unless after food,
e effect of

container.
from intruders and its own
are gencrally confined to this 'home are
ing over the sun is to cause a temporery still-

shadows pa:
ness on the part of the fish.

In Water Moving at a Uniform Rate. Aug. 12 - To test

the effect of a slight current on the movements of the fish the
gates at the upper end of the trough were opened 2 centimeters.

This permitted & ourrent $o flow through the spperatus at &

Tate of sbout 1 foot in & second

A8 the ourrent was turned on the fry, whioh had been scat:
tered unifomly throughout the box end wandering slightly in all
directions, turned so s to head directly into the current and
now remained largely in one spot with gery little tendency to
Of the 11 fish in the apparatus 9 were in the trough
only

wender.
and but 2 in the box. During the following 7 minute

1 fish moved, This fish swam down the trough at about the seme



s

Tate as the current flow, remained in the pool thirty seconds,.

then returned to its original position again., While the fry

41d meke sorties 1 to 2 feet in length after food particle:

e always parallel to the current end not in all
in still water, ‘*Wandering' was

the:
direstions
entirely absent. The 2 fish in the pool remained in line

Occastonally they

was the ca:

with the trough, heading into the ourreat.
would swing into side eddies, only to swing back into the eurrent
again, They did mot lie for any length of time in the eddie
in the upper cormer of the box.

4ug. 13 - The fish were observed after tiey had been in
Distribution in the trough

running water for 30 ninute
was uniform, though 3 fish were moving about parallel to the
when the

current, Most of this movement occurred at time
sun had been under the clouds for 5 or 10 minutes, The general
ploture was of the fish meintaining s« uniform distribution
in spite of a certain amount of movement by individuals and
on the whole the amount of movement was -;u. When the depth
ohanged from 2 to 3} iaches no difference was noted in

distribution, The fish kept just far enough off the bottom

80 that they could swim freely.
4 ourrent of 1 foot in 4 seconds
Two fish

Aug. 19 - 11,00 a.m,
had been flowing through the apparatus for 1 hour,
were within 2 feet of the upper end of the trough; the rest were
1ying in the pool, The 2 fish in the trough were lying close
%o the corners. One would drop buck %o the 'pool! about once
in 7 ninutes and imaediately return to the trough and its

BRI
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originel position there. All fish lay in the shadow of a
board placed to keep the sun from shining directly on the
apparatus. Two fish shifted around the lower end of the trough
but d1d not ascend and 4 remained constently in the pool.

Aug, 24, Hative Fry - When these were placed in the appera-
tus and the gates opened the fish remained pres:

a against the
lower screen and would only move away if startled by the ope:

tor, #hen only 3 out of 7 moved. When I moved away these 3
again fell back to the lower screen, Two days leter, however,
the fish did assuse & uniform distribution throughout the &ppara-
tus. There was a slight migration with or against the eurrent.
only 1 fish tended to lie consistently in the eddies in the pool.
The reaotion was very similar to that observed with the
Hatohery fry, but the fish were more vigorous and Were very
sasfly disturbed.

Suamary of behaviar in moderate, simple ocurrent These
salnon fry do mot wander in all directions, as they do in
st1ll water, but tend to maintain e position at one spot,
heading the ourrent, and occasionally make short sallies with a
Qefinite object - as ufter a food partiole. Straight simple
currents seen to be preferred to eddl
aker ourrent at the edge of the trough
Tather than in the strouger ourrent in the oentre.

. Very frequently the

fish are found in the we

rig. 2 Distribution of Hatohery fry in a ourrent,

Arrows indicaf

direction of ourrent flow.



Change from St1ll Water to a Current, or vice versa.

The outstanding characteristic of the behsviour of thase
£r7 in still water 1s their tendency %o wender sbout in all
directions from a 'home' point, In running water the same
f1sh remain very closely to the chosen spot and eny movement
1s parallel to the direction of the eurrest, The fish alweys
heads upstresn. Under either of the sbove 'constent' conditions
the f1sh 1s related more or less closely to & given spot. &
marked contrast is produced under chenging conditions.

Aug, 15, The current in the box had been closed off

from 10,00 to 10,30 a.n. e 11 fry had asswied a normal a1
tribution pattern of 8 in the trough and 3 in the pool. 4t
10.30 the gates wers opened to the full extent. Immediately
all fish turned to head into the ourrent and began swimning
4 fish resched and main-

vigorously, In the first 2 minute
tained & position Within 2 feet of the head of-the trough.
Then some of these fell back, so that by 10,55 the distribu-
was again nearly uniform. The ourrent Wwes now shut off sbrupt-
ly. Al fish turned sbout to head into & back wash produced.
As the water beoame quiet all but 3 sank to the botsom,
These 3 swas vigorously back and forth the length of the en-
olosure for & to 4 minutes, It required about 25 minutes be-
fore tits wandering was reduced to en amount mormally observed
1n st111 water.

4% 11,00 the experiment of opening the gates was repeated.
“There were 6 fish evenly distributed in the trough. Al but

the lowest moved up about 1 foot, swimning steadily sgainst
the current. The lowest individual fell bdack into the pool.
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By 11.05 the fish had stopped advencing, swimning just suffi-
eiently to hold their new positions in the current. At 11.28
the ourrent was closed off, The fish osoillated with the
water in the trough, always, however, heading the current,

but being carried by 1t slightly. fThey tended %o be concentra-
ted 1n the middle of the trough, By 11.24 the water was quite
still, fhe fish now began wandering sbout, In the trough

they moved prinoipally back and forth, ueir movements were -
recorded.

11 hrs. 24 ain

5 fish in upper 2 feet of trough

. 50 " - 3 move back to lower end of trough

26 " 00 " - aistribution uniform throughout box
40 " - all but 2 fish ere in pool

80 " - 2 fish at 3 feet from head of
‘rough

2 others run entire length of trough and back again.

26 mins. 00 sec, - distribution about uniform

and remains s ndering of individuals confined to sbout 2
feet. fWhis continues 111 11,46,

2.00 p.m. The fish had been in still water for 2 hours

previous. The gates were opened to full extent and apperatus
arranged to give a ourrent flow of 1 ft. in 1 1/6

conds.
4o the current was turned on 3 fish sterted swimaing strongly
" upstreas, and reached the head of the trough, remeining there.
o fish in the pool sterted up but went only 2 feet, then
foll baok into the pool, It was noted that the lurgest fry
Were the ones to asoend farthest. Of those in the pool some

would frequently start up about 6 inohes then fall buck & guin.
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Decreasing the rate of flow to 1 foot in 2 seconds resulted
in 2 more fish ascending to within 3 feet of the upper eud.
on shutting off the current et 2,30 another fish swam to the
upper end, then all fish begen to mo

about, whereas pre-
viously those in the current in the trough had tended to remain
1n the spot to whioh they hed succeeded in ascending.
The current was closed off from 2,50 till 2.50. at
2,45 observations were commenced, as below:
&t 2,45 - 1 fry at head of trough
2 fry 2 feet below head of trough

aerys v I e
Bfry 4 v LR S S
leeys » o e

2.55 - Ourrent of 1 £0ot in 1 1/6 seconds turned
on. Both fish at 2 feat ascend by 1 foot.
Four lower fish fall back into pool.

2,58 - ™o fish enter lower end of trough. One
of these is 'swept' out at ouse. One ascends to the B foot
mark in 1 minute, In 15 seconds more he reaches 2 foot mark,
and 30 seconds sfter this the 3 foot merk, e is swimaing
vigorously.

2,59 - Ho falls buck to the 2 foot mark.

8,00 - Current reduced to 1 foot in 2 seconds
The four fish near the head of the trough maintain their positions,
‘The fish at the 2 foot mark maintains ita position, There ere
no fish in the current below this mark, the others remaining

in eddtes tm the pook. Depth of water wes 2 inches.
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3.05 - urrent ocut off, Distribution remains as above,

3.12 - Current of 1 ft. in 1 1/5 secs, turned on, The
4 fish at the upper end of the trough hold this position.
411 others are in the pool. Altering the ourrent does not
cause any chenge in the distribution of the fish,

3.20 - Depth reduced to 1 inch, Rate of flow as above.
Three fish Temain at hesd of trough. One drops baek to pool,

reascends to the 3 foot merk snd again fells back to pool.

8,30 - Depth 5/8 inches. Rate of flow as sbove. TWo

fioh remain at upper end, One more drops dack to pool.
3.40 - Gurrent closed off, Depth 3i inches.
.45 - Current of 1 foot in 2 seconds turned on, TWo

£1sh ascended to the 3 foot mark and fell back. One fish remained

at the upper end,

Conditions were left ss sbove for half an hour. During

this period fish several tines ascended to the Lead of the
trough but were driven buok at least as far as the 3 foot
mark by the fish whioh had held his position at the head through-
out,
Those fish which remained in the pool during the above
menipulations lay, for the most pert, in the eddies in either

side. fhey Would occesionally swing out into the ocurrent, stem

1% for perhaps 20 seconds, end occasionally rise in the trough
%o the 6 inoh level, but would then fall back into the eddies
sgain,

Sinilar observations %o those above were nade on different
o0casions with the sene sort of resulta.

The obsexvations on change of ourrent may be sumerized
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as follovs.

4 slight current decreases the wandering tendenoy and
ocauses the fish to orient itself against the current.

4 pronounced incresse in the curreat results in soge fish
ascending against the current, The amount of ascent varies
with individual fish and there is some indication that the
response is dependent on the physical state of the fish.

Too strong & current will cause the fish to drop downstream.
Fish which do not ascend the inoreased current fall back into
©eddies and meintain their positions. Occesionally such fish
may ettempt to ascend the stronger ourrent, but swing baok
into the eddies in a short time.

The tendenoy to wander is meintained for a louger time
when the spece limits are greater on all sides. (It was ob-
served that fish in the pool kept up wandering for a longer
tine then those in the trough, efter the ourrent was closed
off).

The behaviour of native fry was similer to that of the
hatohery fry, but again they were found to be very susceptible
to inedvertent movements of the observer, or other stimuli.

Bffect of gtones on the bottom in

Stones of 3j to 5 inches diemeter were placed in the

lower 3 feet of the trough, Ixperiments with still water, steedy
wurrent and change in current were carried out as above,

When the stones wre first placed in the box 2 of the 8 fish
oxtended the range of their wandering to include all the area

on which stones were placed, Zventually, however, all but 1

) o

of the fish confined themselves to the ares free of ston
the pool. One fish remained lying under a stone near the pool,
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The depth was erranged at 6} inches and the gates opened
fully, giving a rate of flow.of 1 foot in 2 second:

one
fish ascended above the first 3 stones then came to rest in
@ backwater, fecing down strean. The others remained in tie

trough for 10 minutes. The depth was then decreased to 4
inches. Five fish mow headed into the current below the trough

but did not ascend at all, Fifty minuty

later two fish had

gone up the trough 2} feet and were lying quistly under over-

hanging bits of stome. Two remained in the eddies in the trough

and 3 were still leading the current below the trough.
Experiments with opening and closing the current gates

414 not result in the fish altering their positions in the pool.

ihile there d1d seem to be a slight initlel tendency to ascend

as the current was turned on none of the fish passed up into

the trough.

o the pool.

0On olosing off the current wandering wes confined
In this case the effect of the stoues, through
their effect on the current, or directly on the fish, was to
1imit wandering. A% this time the responses of the fish,
without stones, were somewhat weaker than previously and the
aninals appeared loss vigorous.

4 1ittle nud inadverdently stirred up in the brook
resulted in 3 fry entering the lower end of the trough.
They dropped back to the pool almost at once, bowever,

Using native fry a gre

r tendency to hide under the
in either still or running water, was noted.
current was left at 1 foot per

stone

When the

oond for 50 minutes 3 fry
re found to have ascended to the head of the trough.
Without stones they did not

end 80 readily. The effect of

the stones may be to provide hiding pleces by which the fiah



can advance in short stages or may be in alteriug the nature
of the current, On several occasions fish Wwere observed to
swin past 5 or 6 stones st a.tiue,

The second plece of apperatus was used in the observa-
tions desoribed below, fThe tank was used in observations on
the effects of 1ight and of verticel currents. The trough
leading into the tank was used for observation on some of the

factors resulting in movement of the fish up or' down stream,

Observations on the effects of light.
The water in the tank, even with a full current running,
was practically without movement except in the upper 3 or 5

inches, unless baffl

were placed so

%o direct the incoming
ourrent downwards into the tank., The observaiions below are
made in water whioh is practically still unless otherwise
stated. The water was 30 inches deep and depths ere given
in inches below the surface.

Zvening, Aug. 26, Sunset about 7.30 p.m. The fish in
the tank inolude 1 thin Hadohery fry, 3 native fry, 5 l-yeer
perr and 3 2-year parr. g

7.15 p.s. = AL fish are lying close to the bottom and
moving very 1itile, even less than earlier in the afternoon
when the 1ight was brighter.

7.30 p.n. - 48 1t gets darker 1 native fry rises to 20

inches from the surface

7.40 p.m, - Pirst fry is now at 15 inohes and another
at 20 inches.

7.56 p.n, - One suall parr stirs and rises slightly adove
the bottom, A



Al

8.05 peits - Two small perr ere moving slowly up and down
tarough the lower 15 inches.
8.15 p,

- It 1s now quite derk. ALl fish are well up
off the bottom and all but the Hatehery fry and 2 parr keep
neer the surfac

unless I turn on the flashlight, when they

descend rather slowly as long

the 11gut is on, This light
18 focused through the top of the glass window, below some of
the fish whlch descend as it is turned ou. The two largest
parr entered the lower end of tie trough, out of the direct
Tays of the lamp, but even the

descend right to the bottom
if the 1ight is left on about 2 minute

The native fry
remained close tc the surface of the tank, heading the ourrent
here. The momentary glow of a cigarette in the observation
shanber ceused these fry to drop 2 or 3 inches. In the dark
they would immediately rise again, The effect of tils small
11ght was very pronounced and its control on the fish very
direct, Sometiues fish dropping in the dimmer outer area of the
flashlight bean would swim ahead slightly as they dropped,
thus avoiding the bright central part of the bean, Sometiues
the fish would drop through the, brightest part of the beam,
Diiring this period movenent was gemeral and prineipally neer
the surface. As & result of this a slight inorease in ourrent
at this time had a much more promounced effect in 'stirring
up' the fish than & similer inorease in ourrent had during day-
ignt,

8.40 p.u, - loon rises. The sky is quite clear and the

light quite bright, During the mext 5 minutes all fish settled

quietly to the bottom, except 2 parr lying in the lower part
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of the trough, ‘The fish remained thus until 10,00 pum,
when ‘observations were stopped.

Morning, Aug. 27, 4.45 ..  Light sbout as at 15 minutes
after sunset. Onme fry is 1yiug quietly near the surfac

One perr is lying on sach of the 3 supports at 4, 12 and 20
inohes respectively. ALl fish are very quiet. The light now
inoreused very rapidly.

5.10

5. - Fish begin to move about slightly.
5.15 a.m. - AL but 1 fish on the low

 support are
swinning about in the tenk, They are at all depths

5,16 a.m, - The fish on the support moves away about
6 inches, then return

It appears restle

, and moves off
and back about once in every 45 seconds.

5,19 a.m. - The other fish remain at verious depths in the
. water, Ome parr is at the surface, 1 at 9 inches, the rest
near the bottom. The native fry are at 2, 10 and 20 inches.

5.20 a.u, - For some reason all fish become more active
then they were & nmoment ago. At this time observations on the
effact of currents were started. It was 7,00 o'elock before
nearly all of the fish setiled quietly to the bottom, even
though there had been no ourrent for some tiue,

Zurbidity of the water. Aug. 26, 4,30 p.a. The dam at
the saw-mill was let out resulting in nmuddy water in the streem.
It was noted thut while there had been no change in the ourrent
in the tank the fish here were

tirred up!

compared with
their condition helf ad hour earlier. Waey rose to 10 inch

The actions were ubout comparable %o those

n about 7.20 p.m,
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the previous evening. It was noted through the observation
window that this turbidity cut down the pemetration of lignt
into the tank very definitely. The gradient is more repid

then at night but I would estimate thet the intensity at 20
inches was roughly comparable to the intemsity at the seme depth
at the hour mentioned above on the previous eveming. Further
observations on the effect of turbidity are mentioned below.
; Summary of observations on effect of light., When

the fish were in wWater of about 30 inches depth their temdency
1% wes after

%o move about wes not nesrly as grest in deylight &
derk, During the day the fish were usually seen near the
bottom of the tank, In the dark sll fish tend to rise to the
surfece and move about, Just before derk there was & short

period wien all fish lay perfestly quistly at the bottom,even

though they had been moving about a fow moments previously.
While in the darkness movement is at a meximus in bright
moonlight 1t is sgain very limited or quite lacking.

While in the evening the period of grestest ectivity did
not ocour until efter susset, in the morning the fish were
quite otive for an hour or an hour and @ half after sunrise.

One effect, at least, of turbidity is that it outs down the
penetration of l1gat into the water.

Snall fry seem to be less sensitive to bright light than

large fry.

ob: ions on the effect of verticsl currents.

To produce verticsl currents baffles were arranged in
& board was sisply placed

the tank as in fig.3. In one o



o A0t
vertically at the niddle of the tank. This directed the in-
Another arrangement was to limit the
screcns so that
nis is shown in

coning current downuards.
space where the current could flow end pla
the fish hed to be in some type of ourrent,
the second and third disgrams, Thers was & space ebout
i 1inch wide between the baffle end the observation window,

4 slight ourrent flowed through here at all depths wnd occas-
tonally fish would pass from one side of the tamk to the other

S

by this route, Only fry end small perr could do Shis.

Apparatus for Yertical Currents,

o e el e o

-

At 5,30 pem, 3 native
ey

Aug, 26, Apparatus as in Fig. 3 a.
fry and 3 parr were placed in the descending current.
went to the bottom st once and the 2 larger £y imnediately
oconmenced to swim upward egainst the Gurrent. For 15 minutes
they continued to swia up to the surface, 'drift' back to the

bottom, then return to the surface ugain. They came to the

Finelly they cume to rest

surfuce about once every minute.
AL fish were lying in the

with the others on the bottom.
up-strean end of the tank,
Ten minutes luter 2 parr had pessed back into the escen-

ding ourrent and were cerried slowly to the surface. They would
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swin down and the process be repested. This lested for 10
minutes in one case and 20 minutes in the other, Finally they
came to rest on the bottom, In swimming downwards the fish
descended rather slowly and did not head directly into the
current but seemed to work down while keeping at an angle of
sbout 45° to the ourrent. Their movements were not nearly
igorous

those of the fry in the descending ourrent,
Avg. 27, 5.34

m. Current, which had been off, is
turned on to full extent. he fish which hed been swiming
slowly about the lower half of the tank, dart at onoe to the
ottom.

5,36 a.m. A1l fish begin torise somewhat and move
even more vigorously than before, except for 2 fish lying
on the platforns at 12 and 20 inches depth. The distridution
was rather unifora from the bottom to 10 inches froa the
surface. Those fish in the descending current are more
active than those in the

ending ourrent.
5.37 a.n. Gurrent is olosed off. One large perr

moves under lowest shelf and remains in the shadow the:

The smaller parr remsin at 15 to 20 inohe

depth, wntle all
fry sink to the bottom.

5.39 a.m. - 5.40 a.u. There 1s some activity among
the sualler parr whioh ere contimuslly rising and falling in
both descending and ascending ourrents. They tend, on the
whole, %o kesp in the former.

5.42 a.m. Ome fry comes to rest on top of the shelf
et 12 inches. Large parr are lying under both the lower shelve




5.45 s.a. - 6,00 a.n. (Observations under 'Light'

for iug. 26).

6.04 @.m, The fish have been fairly active. lo ourrent
1s flowing.

.05 a.n, The ourrent is turned on full. At once &ll
£1sh drop to the botton and remain rather quist.

6.06 a.u. Fish at the botton become 'Testless'. o
over to the Tight side (asoending ourrent).

parr move
Activity incresses. ALl fish

6.08 a.a. - 6.10 a.a.
ave swimning about et various depths below 12 inches, and
ppear to be fesding.

Aotivity of all fish diminishes.

6.17 a.m, TWo large perr are now lyiug on the bottom,
f£ish ave moving slowly bout in the bottom half
The 4 parr seem, on the whole to keep to &
o rather thin perr are far

6.11 a,a,

‘The other
of the tank,
higher lovel than the fry.
nore active than th other fish,
‘The small hetohery fry
lio other fish

8,18 a.m, OCurrent shut off,
rises to a position under the B-inch shelf.
rise so mear the surface at this time.

6.20 a.m. Those fish in the right side, which is
1ittle brighter than the loft side are becoming quister and

sinking slowly to the bottom, except for the suall fry

under the upper canopy.
6,21 a.m, lovement in left side is slight, ALl fish

are distributed over lower half.

6,25 a,m, lovement inor

6.25 a.u. ALl the large parr are lying on the bottom.




‘Iwo small parr are heading the descending current at 13
and 20 inches respectively. These two maintain a pretty
constant position at an angle of 30° to the vertical plane

6.27 a.m. 4 large perr under the second shelf descends
to the 5rd shelf and drives away all fish within 6 to 8
inches before settling under the shelf.

6,35 a.m, Activity throughout the box decreases for
some reason.

6,40 a.n. (From outside the tank). When I look into,
the tank those fish about one half way up sink to the
bottom, Apparently they are very sensitive to shadows from
above.

7.00 a.m. 411 but 2 parr are lying quietly on the
bottom.

7.10 a.m. Open the current, The two parr at 15 inche:

which rose again after I moved away from the tenk, sink
slightly. Those at the bottom remain very quiet.
7.11 a.n. 411 fish at the botton become more restless.
7.13 a.m. 411 but 1 large parr are off the bottom
and distributed evenly to 8 inche

from the surface, there
1s no sorting according to size.

While in the above observations the effect of current
was principally studied the effect of increasing daylight
was not entirely excluded,

Aug. 27, 3.00 p.m. A4ll fish ere at the bottom except
1 small perr and 1 native fry. All current was mow shut
off, lio change in distridution was noted.

5,30 p.m. Open current to full strength. Those



fish lying under the descending ourrent are 'stirred up'
and rise off the bottom. One small parr rises to 15 inches
in the descending current and holds 1ts position here.

3.45 pom. ALl but the one parr are 4 to 8 inches off
the bottom, moving about slowly and heading slightly up, which
1s equivalent to heading directly into the current where
they are, 2

4.00 p.m. - 4,20 p.m, The dam above h

been opened
Tesulting in turbid water. The fish in the influence of the
descending ourrent are quite stirred up and move sbout in
this ourrent keeping below the 12-inch level. (Three
yearling trout which had been placed in the tank just
previously were also 'stirred up' and tended %o keep right
at the surface. Apparently they are less sensitive to
1ight than the psrr. These trout kept invariably to the
descending current, never in the ascending. They made mo
attenpt, however o run up the trough. The trout yould
chese away the salmon fry if the latter approsched them,
Apparently the £Ty would have ocoupied the region held by
the trout. The trout were in turn driven off by the larger
parr whenever they descended low enough. The larger perr
41d not, howeve:

rise above the 20 inch level. The parr
were seldom

en to drive off the salmon fry, however, when
both were in the same vieinity).

Effects of both vertical ocu:

ts and 1ight o

4t the same time.

In the observations above an attempt was made to exclude

the effect of light as far as possible. In the following

observations both current and light are factors to be consid-
ered.
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Aug. 26. About 7.15 p.m. the fry begin to move ebout,
411 fish have been nearly motionless since 6.00 p.au. Those
f£ry in the descending current move up to about 10 inches
tien down to 20 inohes, then Tight up to 1 inohc and enter
the trough. 'hen the flashlight is twrned on they sink
at once to the bottom. .

7.20 pum. Parr move up to 15 inches and remain here
111 7.25 Doz~ 7.30 pem., When they move right up to the -
surface, The parr are even more sensitive than the fry to the
flashlight, sinking directly to the bottom if 1t is merely
flashed on and off.

8.00 p.n, Three perr and 2 metive fry have been at
the surface for some time, and ascended about & inches in
the trough, at which distance tiere was & soreem. One
large parr remains on the bottom. When the light is turned
on through the window all fish sink to the botiom but
Tecover their positions in the trough in about 3 minutes.

Ascending ourrent 8.00 pum. - 8,30 p.m. Two fry rise up
1in the ascending current &t about the same time the parr rise
in the descending ourrent, end at about the seme rate,
Thres parr also rose in tils column but descended very rapidly
@s the 1ight was turned on. The parr then worked over to the
descending current by a horizontal leak past the baffle

and rose to the surface here, ascending the trough to the

soreen. The fry descended rather more slowly than the
parr as the light was flashed on, and not es far, In the
darkness they rose again and dropped back to the shallow
water below the tank.

1t was observed on several occasions that in the dark-

nes o -
“ Loy Pisl = wagagicdly 4




ness the smaller fish - especially the £ry but sometimes
the smell parr - would rise by the ascending current and
then drop back to the shellows below the tank, The larger
parr almost dnvariably rose by the descending current and
ascended the shallow trough., Fry were also seen to behave
in the latter way, usually when Shere were fewer of the lerger
f1sn, E

8,30 pam. It was still quite dark and the fish were
a1l keeping at the surface except for 1 suall hatohery fry
which remained at the bottom of the tank. Possibly tnis was
due to low physical condition. .

Aug. 27, 5,20 a.n. Observations had been carried on in
st111 water for 25 ninutes previously. it this tiue the
current was turned on, The fish were quite active and wivhin
10 inehes of tie surface. Ais the ourrent sterted to run
in the tank those fish in tie descending current aropped
slightly, then headed upwards & little, Those in the
ascending current dropped down to 20 inches, then begen to
rise again. o of the parr in the ascending current Wworked
through to the descending side, where it was darker; also
the current.was a littla stronger here. A1l the fish in
the descending current side of the tank were quite vigorous,
moving in all directions, but tending mostly to head into the
current.

5.20 a.m. - One large Darr comes to Test under the
l2-nch shelf.

5.50 a.n. - The fish in both sides ere below 15 iuches

rising and dropping but keeping in the currents.
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5.51 a.n. - Current closed off. All fish sink close
%o the bottam.
5.35 a.m, - Opening current results in all fish sinking
right to the bottom.
5.35 a.n, - Fish under the descending ocurrent become
restless end Degin to rise agsin. 5
Aug. 27, 6,30 p.m. - 8,00 p.m. Al fish were close to

or oi the bottom from 6,30 p.m. to 7.10 p.m. (Current flowin

7,10 p.in. - Two native fry slowly rise to the surface.
7.15 p.n. - Three suall perr,rise slowly to the surface.
7,30

p.m - ALl fish are rising towerds the surfece.

They wander about the tank while doing so. The fish rising

sgainst the wertical descending current rise faster than those
rising with the ascending ocurrent, Howsver, this side is
slightly derker than the other side, By 8,00 p.m. no fish
hed left the tank to Tun upstreem. A screen Was arranged
%o permit fish to run up the trough but to out down the
possibility of their descending to the tank onoe they had
Dpassed the screen, In the morning mo fish were found in
the trough. (The trough had been covered with bosrds the
previous night so that increasing deylight would mot cause
the fish to seek the deep water of the tank).

The apperatus for Aug. 26 wes as in fig 3.0; for sug. 27
es in £ig. S.a.
(on this night (Aug. 27) it was noted that trout about 8

inches long commenced to wander about in & pool caused by



an ol den sbout 10 minutes after the large perr had left

the bottom of the tenk. Fishing with s fly trout of 8, 9,

10§, and 16 ‘inches length were taken out, in tais order,

at ebout 3 minute intervals for the first 5 fish, fhe largest
was teken about 10 minutes after the preceding fish, Tuls seems
%o indicate that for trout, as for salmon, the smsller fish
become uctive first with decressing light intensity.).

Aug. 51, Afternoon. The tank was covered with a board so
a8 to aduit very 1itsle 1ight, The intensity was compereble
%o that about 15-20 minutes after sunset on a clear night.

At the time observations were comnenced all fish were
1ying on the bottom. Within 5 minutes of covering the tank
all f1sh hed risen slightly off the bottom, fhe fry and saell
Derr Tose higheat but all fish remsined in the lower 20 inches
of water, At times 1t sppeared that the smell fry were !forced’
up by the lerger parr. One suell fry several times cenme %o
Test on the 4-inch shelf, When it descended the perT would
dart at 1t

When s1lt was allowed to Tun into the trough the motivity
inereased and all fish rose neerly to the surface, They did not
enter the trough and tended to keep below the horizontal current
right at the surface. in exception to this was the small
hetohery fry whioh occasionally ascended the trough & short
distance, then foll back to the pool, Even after el silt
hed disappesred a fow of the fish, of all sizes, remained
within 4 to 6 inches of the surface, but in the descending
ourrent.

The experiment sbove was repeated Without the baffles

(elinineting the vertical currents) and with end without



the cover over the ta:

Without the cover over the tank, OCurrent closed off, All

fish remain -t the bottom, even 3 which were most often se

rising to 15 inches in the vertical current,

Current opened, Very little disturbance occurs at the
bottom of the tank where the fish are lying., The fish stir
only very slightly.

With cover., Ourrent off. Fish now rise to 18 inches and
5 parr to 15 inches. On opening the current the only result
noted is that if any fish do rise to within range of the

norizontal current - about 4 inches beldw the surface -

ey
&re apparently stopped here. There was no apparent effort of
the fish to stem this horizontal current as they had stemned
the vertical ourrent, Also under these conditions they did
not rise quite so clo

to the surface, No fish entered the
trough, even when box and trough Wwere covered with bords.
Apperently rising sgainst e verticel current is more likely
to result in a fish going above the pool than if there is no
vertical current, Low 1ight intensity seems to increase tie
sffect of the vertical current., There is some indication that
a horizontal current at the surface of the pool was an obstacle
to the fish ascending ebove tiis pool.

Bffect of both vertical currents end turbidity,

Aug. 27, 7.15 &.n. - The fish have been under observation
for more than 2 hours at this time. The current is Tuaning
freely. All fish are well off the bottom and distributed evenly
through the space to within & inches of the surface,

7.15 a.u, - Some sand was plsced in the upper trough

80 thet 1t would meke the water running into the tank quite



turdbid. 4s the cloud of silt fell into the tank by the descending
current all fish senk to the bottom shead of the cloud, As far as
could be seen they remained there until the water cleared somewhat,
but mot entirely. As the weter begen to olear 2 fry rose off

the bottom, then the perr ro

end all fish swem sbout, spparent-
1y feeding on some of the larger particles in the weter, When
the water was quite clear sgain another cloud of silt wes sent
down. The ‘reaction of the fish was as above. But as the water
cleared only  fish (all parr) rose until 5 minutes sfter the
811t had been sent down by opening the current, By this time
the water was nearly clear egein and 6 more fish Tose, leaving
2 perr and the hatohery fry on the bottom still.

7.40 a.n, - Decrease the current, Low water in the
upper trough results in more silt being brought down, ALl the
fish swinning sbout sink to the botiom, keeping below the cloud

of silt as long as posaible
7.41 a.m. - Current shut off, As the water clears most
of the fish rise to 15 inches.

7.42 a.n, - Increase the ourrent, The water becomes

very roily but the fish which rose as the water cleared just
above descend only 3 or 4 inches.

7.42 8.;m. - 7.50 a.n. - The fish will not rise above 8
inches from the surface regardless of manipulation of the current
or of silt in the water. Those fish in the descending ourrent
show a sharp descent of about 12 inches when the ourrent ia
turned on, then rise sgain and head the current at about 30
degrees to the perpendiouler. By 7.50

@ only 2 fry remain
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near the surface, the rest all having dropped to & lower level in
the tank.

8.00 a.m. - There ere 2 fry at 16 inches; I perr at 28
inches, and the rest of the fish lie on the bottom or under the
shadow of the lowest (20 tnoh) platform.

8.01 a.m. ~ Al fish are st about 28 inches end remain fairly
quiet. Activity is decreasing, The ourrent has been left on full
strongth.

Aug. 31, 2,00 p.a, - 8.00 p.m. Baffles s on Aug. 27
(£1g. 3a) and current on full, Three parr are to be seen at 15
inches most of the time, These fish ere 'thin' and seem to be more
active then the other fish. The other fish eTe within 2 inches of
the botton and moving only very slightly. Out of 12 fish in the tenk
a number varying from 8 to 10 are eitier imiedietely under the
descending current or lying on the bottom in the upper cormer of
the tank, ahead of the descending current, Two %o four of the
larger parr are seen principally in the lower bottom corner of
the tank, beyond the asoending current, The upper corner 1is
slightly darker than the lower corner, however, most of the fish in
the upper end of the tank are seen ususlly under the descending
ourrent rather than in the dark corner.

When the ourrent is shut off all but the 3 parr mentioned
above, come fo lie quistly on the bottom in a space of about 2
ninutes, During this 2 minute interval the fish usually, not

alvays, wander about the ‘tank, rising as high as 10 inches from the

surface, liovement was quite leisurely. iio distinotion in b
haviour of the fry and two sizes of parr was noted.
1f, after the fish have come to rest on the bottom, the
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ourrent is turned on full the fish becowe 'stirred up', and
are quite active for 5 to 10 minut

then become quister and
head into a horizontal ourrent 2 to 5 inches below the surfece

If silt is now introduced into the current the fish sink,
s observed befors, but ri

and 'feed' quite vigorously es

the water olears. Again most fish are to be seen in the des-
cending current; those in the ascending stream are much less
active than the others, As tie silt clears away completely

they again drop to sbout 3 inches from the bottom, and in another
10 to 15 minutes sink right to the bottom, Shutting-off the
current now does not seem to have much effect. But an increased
ourrent, eith

when there is no current or a very slight
ocurrent, does 'stir! the fish up somewhat. Phey do not, how-
ever rise as high as when there is silt in the water.

Summery of behaviour in verti its, —

The fish tend to head into & vertical current, as they do
in a horizontal current, whether it be descending or

ending,
They will remain for some time in a desoending owrrent, but on
the whole, do not remain nesrly so long in an escending ourrent
if they can avold it, The depth at which fish remain in &

descending ourrent

ms to be governed to a large extent by the
intensity of the light, fThe effect of turbidity is comparable
o the effect of decressed light intensity and seems to be,

in part at le

t, a result of the decrease in light. If the
11ght 1s strong enough the fish may lie on the botton under &
descending current, even though they could avoid the current,

4n inoreased descending ourrent has the effect of '

tirring up!
the fish in the pool. In the pool the fish will, under the
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sane conditions of light, ri
descending current than they will if there is & horizontal
ey tend, on the whole, to remain

nearer to the surface in a

eurrent near the surfa
below the latter. When the vertical ocurrent was cut off 'wan-
dering' was not observed, contrery to the condition observed

when a horizontal current in whieh the fish were lying was out

off,

Observations on the effect of in current and light

rvations below were cerried out in the trough

leading into the tank used in studying the effects of light
and vertical currents, Veriations in ourrent were produced by
te controlling the smount of water flowing

manipulating the
into the lower end of the trough, and by the insertion of
various baffles and dans in the trough. %o observe the
rvetions were msde in the eerly

effects of changing 1ight obi
morning, end in the evening.

Preliminary, - Aug. 19, 10,30 a.m. Daus were arranged
in the trough es indicated in the accompanying diagram,

(f1g, 40)

Fig. 4. ATrengement of baffles in trough above ramk to
produce pools and varistions in currents.
Four parr whioh had been lying quietly on the bottom of

the tauk were pleced in the lower pool, The ourrent, which
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had been rumning very slowly, was then turned on full strength.

Two of the fish began to move upstrean to the first pool. Here
they remained, But if the water above the third pool wi

agitated by waving the hand back and forth in it, thus sending
& series of trausverse waves down the trough, the two perr
ascended to the second pool, One fish remained in the lower
stretoh, having ascended two-thirds of the way to the first

dan while the water was being agitated, By decreasing the flow
80 as to expose the back of this fish he was stimulated to
commence struggling upstream in the shallow water. Increasing
the flow now resulted in this fish passing over the first dem
into the first pool, After 3 or 3 attempts to ascend thromgh
oned fatigued and

the next stretoh of swift water the fish
a Test of about 10 ainutes was necessery before a siailar res-
ponse oould be evoked again.

The experiment of agitating the water back and forth by
hand when there was a current flowing was tried several times.
the fish commenced to move slowly forward,

After 1 to 2 minut
would leap the first fall, end remein in the pool immediately
above. Too violent mgitation of the water seemed to inaibit
this reaction, causing the fish to lie olose in to the corner
of the trough. When there was no agitetion at all the fish
remained in one spot, heading the ourrent, as loug as the water
wes sufficiently deep, (sbout 2 inches in this case).

The effect of suspended material in the water was tried,
but the results did xot appesr to be significant. Apparently

& ohange from a relatively simple current to a more turbulent

.
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current is an important factor in stimulating fish to run up-

strean.
Aug. 25, 5.10-a.3. - 6,20 a.u. The ourrent had been left

on over nignt, and fish in the tank had free access to the trough.

Four parr were found in the upper part of the trough this morn-

irig, The lower end of the trough was screened off end the
4 Tish placed just above the sereen, One smell purr persiated
in running to the upper exd of the trough, even though attempts
were made %o 'ohese him beok'. The other 3 fish sscended to the
£izst pool only when the water in the lower stretch was 8o low
thet their bucks Wers out of water. Thon they would attempt
to-struggle up to the first ool if there was sufficient weter
%o allow then to barely float. Contrary to the observations of
Aug. 19 sgitating the water by hand seemed to have no effect
on the f1sh.

4ug. 51, 6,00 Dun - 8,00 pons 4 small enclosure was
arranged at the lower end of tie trough, in the tank, having
& soreen bottom, so that there ws a 1ittle pool in which tie

ourrent was descending. (£1g.5.)

Fig. 5.

Tank and lower end of trough with one side removed to show
arrangement of tho small pool with descending current.

Fish placed in this pool tended to lie right against the
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bottom screen, When first placed in small perr attempted to

Jjunp out, but the large parr did not. Outting off the current
entirely seemed to have no effect on the fish. Only when
*scared' as by moving a hand above the pool, would any of

fish go upstream. A4s 1t got dark the movements of these fish
were compared with those of the fish in the tanks. At 7.30 p.a.
thiose d4n the tank had risen to mear the surface and were quite
active, The perr in the amall pool were lying quietly neer
the surface. By 8,00 p.m., when it was quite dark, none of
these fish hed entered the trough. (The current had been
flowing for over an hour). There w

racticelly no 'falll
in the water here, but the down current was quite strong,
Another observation with conditions slightly varied from those
above was nade on Sept. 2. ‘

Sept. 1. in attespt wes made to see if, by manipulating
the ourreiits in the trough and the small pool desoribed above,
the various factors investigated previously could be pieced
together to explain certain behaviour of the fish, It was found
thet the behaviour of the fish could be predieted to a limited
extent, but the conditions provided sctually proved W be very
couplex and behaviour could not be predicted with any degres
of certainty.

Affects of various Bl!fin in the surrent.

Verious types of baffl

were placed in the trough so
s to modify the simple ourrent. The behaviour of the fish
w

then studied under the different sets of conditions pro=

duced,
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Fig. 6. Diagram to show how baffles were used.

e -
b) Pacfets 4
(82 @ omginar , .

(4) Dams. & screen was pleced across the lower end of the
trough tn order to kesp the fish well witain the influsnce
of the currents being studied. & dam 1f inches high (1) was
placed across the trough 1 foot above the lower soreen. Tnis
forned a long, rather quiet pool above the dam and a streteh
of fairly swift water below wers the flow was sbout & feet
Der second, The fish were placed Just above She screen. Thre
Drr were used which had just previously been found to exhibit

quite a pronounced reaction to variations in the current.

Within 3 ninutes of the insertion of the dam all 3 fish had

sscended the swift water to the dsm end passed into the long
Dool above, One came to rest just above the dam, one about
& foot above, and one Went to the upper screen. The experiment

Was repested several tines. The Tish alvays sscended to the
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Pool, but once in the pool no particular order in their
behaviour could be discerned.

4 second dam 2 inches high (11) was placed 8 inches above
the first. This resulted in a stretoh of very turbulent water
between the two dams. When now the fish were placed et the
lower screen and the current allowed to run strongly all fish
pe:

d up to above the second dam, This experiment was Fepeated
3 times at intervals of about 10 minutes, &nd similar results
were obtained each time.

4 third dam about 3 inche

high was placed 8 inches above
the second dam, again resulting in & stretch of turbulent water
between the two dams

TWo more parr and 2 £ry were added to
the fish at the lower screen. Ais the current was turned on
8ll, but 2 of the small parr which had been used previously,
ascended to above the third dem quite Tesdily. The fry were
first to reach the upper quiet stretch, he two small parr
ascended to the first pool only efter increasing and cutting
off the current several time

. They 'went up on a freshet'
eventually, and came to Test in eddies immediately below the
second and third dams respectively.

Tue above series of experiments was repoated several

tines. The fish tended to ascend through the stretohe

of
turbulent water until they reached a quist pool above, even

though they could, as Was observed, lie in the lower stretoh

of swift water with very litile apparent motion. In cas

where fish did not ascend under the above conditions it
ssened to be because they lacked vigor.
14 not

Usually such fish
end were individusls who had already run through
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the swift and turbulent stretches several times. Such fish nlght
remain in the lower swift stretoh pressed close in to the
botton cormers, or in eddies immediately below one of the dems,

It vas observed that if a board was placed across the upper
end of the highest pool all fish in the pool sssembled under the
board, Otherwise they tended to be scattered uniformly throughe
out the pool.

As observed on Aug. 31 fish in the small ool with sereen
floor and descending current would not move out of this pool,
Tegardless of current manipulation.

4 4 inoh dem (iv) was placed at the end of the trough
80 as to cause the water to spill over into the pool. This
caused considerable disturbance in the water of the pool,
which was impossible for the fish to avoid. The fish,
the largest parr were 'tumbled about'; frequently the head of

pecially

& fish appearsd above water and the fish seemed ‘to De distressed.
ded in junping the dem; several others

. The fish remaining in the

Three small Darr suco

attempted this but without suco

P00l eventually case to rest eithor behind the fall, or lying
with hoad directly under the fall.

Botwoen 5.45 p.m. and 6.20 p.n. & 2 inch dam (11) vas
substituted for the higher dem (iv). No partieular effect
on the fish was noted, They Temained on the bottom. ipparently
those which had unsuccessfully attempted to leap the higher
fall were oither fatigued, or no longer felt the stimulus
%0 lesp over a falls,

(5) Oblique buffles. Threo obligue baffles were erranged
in the pool sbove the first dam, which wes inoressed in length

80 as to afford about 15 inches of rather quiet water above
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the Deffles, The baffles had the effect of breaking up tae

siaple currents into trensverse and oblique currents, end eddi

of verying strength, so that only sbove all the baffles was there
any stretch of amooth water.

" Five rather large parr were placed above the lover screen
and the current opened fully. Immediately one lerge parr
moved upstrean leaped over the first dam, passed up steadily
through the swift, broken current above and finelly cams to

Test in the first stretoh of quict water just above dam (ii).

Tig. 7. Arrangement of oblique baffles.

Later the other 4 perr ascended to the first dam, but only
one of these passed up above den (11), The experiment above wes
Tepeated 3 tines, HEach time the one fish went Tight up to the
quiet stretch. On the third try only, the other fish entered
tho stretch where the baffles wers. One cane to rest at the foot
of dam (11). The other two remained in eddies behind the first
and second baffles, respectively.

In ordsr to break up the straight swift curremt in the
lower streteh of the trough baffles wers arranged as in £1g.8,

Fig. 8.

Sl e

i i Lower $omam
This also had the result of raising the water level in this

streteh from § inches to 1j inche

. Eight fish were placed
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just above the lower screen, lhen the current wes allowed to
Tun at full strength sll fish crowded into the eddy behind the
lowest baffle. Within 5 minutes two 5P the fish ascended to
behind baffles further up, one of these passing over dam (1)
%o lie in the eddy behind the lo

t baffle in this pools
This apparently relieved the pressure of fish behind the first
baffle for the remaining fish stayed here over one half an
hour. Ocoasionally one Wwould swing out towerds the main
current slightly, then swing back into the eddy again, Alter-
ing the current did not result in any change in distribution;
neither, es far s could be seen, did declining light have

any effect by 6,30 p.m. (A% this time 1t was raining quite
heavily. On & provious occasion fry had been observed to
settle quietly to the bottom of a trough when rain drops

fell on the water. Possibly a siailar reaction was involved
this time.)

From the observations above there seems to be some in-
dication that obstacles causing horizontal eddies in & stream
may give Tise to the fish remaining in ome spot. On the other
hand vertical eddi

en to stimulate tae fish to move away,
froquently upstrean.

Sept. 2, 2,00 pom, - 7,30 p.m. The experiments recorded
Just above were repeated. On this occasion, howeve

at no
time 414 any fish move upstream. If placed at the upper end of
the trough the fish immediately moved down to the pool at the
lower eud. Govering the trough with boards, to exclude the
11ght, had no apparent effect. At 7.20 p.m. the 4-Smoh dem

was placed at the lower end of the trough, causing the water
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to fall over into the pool with screen bottou, One parr
leaped tiis dam % 7.25 and remained in the pool, immediately
above the dam. *(It was quite dark now.)

Sept. 3, 5.00 a.m. Light about as at 7.00 p.m. on the
previous evening, The apparatus had been left overnight es
desorived just above. In the moraing 4 fish were found above

this dem, and 3 below 1%, in the small pool thers. One of the

latter jumped over the dam
started by my shado

I looked into the pool, apparently

Another nade 5 attempts Within § min-
utes but was unsucc

over the dam to remain in the lower pool again. These last
2 f1sh appeared rather fatigued and lay olose against the
Botton screen.

Boards had been left over the trough (the upper pool in
this case) so that any fish passing up over the dam during the
night Would remain up, at least as far as reaction to light
was concerned. The 4 parr in this section were scattered
evenly over the upper 18 inches of the trough. On removing
these bosrds only the fish which had just gone over the dam
(see above) fell back to the lower pool.

5.15 a.n, - The remaining 4 fish were concentrated at
the lower end of the upper pool.

.25 a.n. - The fish are spresd evenly over the lower
5 fest.

5.28 a.n. - The two lowest fish pass back over the dam
into the pool below, The dam(iv) was now set &s in £ig.9
s0 that the water felling over it fell in the trough end
there was about 6 inches of swift, turbulent weter to the
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lower end of the trough, where

retaining screen was

Fig. 9

The eight fish used the previous evening were placed in the
small stretoh of rapid water, Detween 5.20 and 5.32 there
were 3 attempts at jumping the fell. lione were successful,
By 5.39 all struggling at the foot of the fall had ceased,
Five fish were pressed against the soreen by the force of the

ourrent, Some fish 1ying in & normel position hesding

the current just below the falls and one was lying at the
bottom of the dam, behind the falls.

5.44 @.n. - One large parr juips over the falls, after

having been nearly motionless for 5 minutes.
5.52 a.m, - Another lerge parr jumps over the fells.
Both of these lie just above the dam. The remaining fish lie

quietly, pressed againat the soreen by the owrrent. The
bottom fish lie aoross the ourrent with their bucks tilted

towards the ourrent at 45°, The others are pressed side-

ays flat against the sore

6,00 a.u, - The uppermost fish hes just completed 3
unguccessful jusps in 5 minutes end is mow resting quietly.

4 second dam, 2 inches high, is placed 4 inches below
the first, It doss not quite break the force of the first fall,
The fish mentioned just above makes several rather aimless
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leaps, then lies at the base of the 2 inch dem. Dam (11)
was then arranged to break up one side of the main fall only.

The fish made no further atiempt to ascend but lay immediately

below the second dam on the side where the first fall was not
broken up.

6.10 a.a. - lio change from avove positions,

6.15

a, - Both dams were removed end the 5 fish which hed

moved upstreanm were awept back to the sereen.
Dem (1) (1§ inohe

) was then pleced so that the fish at
the screen were in rather rough water. (411 but the 3 which
had passed over dam (1v) hed been placed back in the tank.) In
30 seconds one fish had ascended over dam (1); emother went over
1% in 1§ minutes and the third in 3 minutes. lio chenge in tie
amount of

or flowing was used in this case, merely a 'turbulent!
ourrent
6.20 @.m. - ALl 3 fish have remained just above dam (1).
Dem (11) 1s placed 8 inches above dam (1), 80 that the inter-
vening water, where the 3 fish lie, 'boils'. Two fish drop
back to the lower reach at once, The third turns so as to lie
in & backwater below dam (11), facing downstrean,
6.22 a.m, - The 2 lower fish rise sbove (1) and come ta
1ie beside the first fish.

6.24 a.m. - The ourfent is inor

ed by cleaning some
Leave

and trash from the upper screen. The fish shift their
positions slightly, one falling back to the lower screen.
8.25

m, - The fish which just dropped back has ascended
above both dams, The other 2 fish remain in the pool batween
the dams.




-4

6,26 a.a. - Dan (111) (5} inches) is placed above (ii) so
as to cause turbulent water throughout the pool (ii-iii).
The upper fish drops back from just above (ii) to the sereen.
8.28

n. - This fish has ascended steadily so that he is
now above all 3 dems, The other 2 are still in (i-11). The
one whjch ascended is the largest of the 3 fish, Dam (1) is mow
moved upstream to @ position 5 inches below (ii), thus elimine-

ting the backwater in pool (i-11)., One of these fish immedia-
tely ascends to (11-111) lying agein in a backwater just below
(111). 1The other fish remsins below the falls at (i1).

6.30 @a.m. - Dam (1v) (4 inches) is placed 6 inche
The depth.of water above (iv) is 5 inches.

above (111).
There is apparently
quite a backwater below the surface current and the upper fish,
(in (iii-3v)), remains in this, There is now a fish in esch
of the 3 pools, All 3 remain rather quist.

. 6440 aun, - Yo novament noted in the last 10 minutes so

all 5 are probably more or l

'in equilibriun’ with the-our-
rents to wiich they are exposed.

6.42 aum, -
in (i1-1v).

ove dam (iv) back 4 inches to alter the eddies
The fish in this pool moves up to lie scross the
trough right at the base of (iv).

6,47 a.m. - Replace (i11) with (i) so &3 to ceuse more
disturbance in this pool (now (i-1v)). The fish is carried to
the sor

n with that in (i-11). The latter is removed, The
first fish stays quietly in a rather siupl

but swift, ourrent
just above the soreen.

6.50 a.m, - Hie swins rapidly up above ell 5 den

s (11),
(1) end (4v), coming to Fest above the upper dam,

6.51 a.n, ~ The fish in what was (1i-111), now is (ii-1),
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was disturbed by a movement of my hand and sscends ebove (1)
end (1v) %o lie beside the first fisa,

6.51 @.n, = 6,56 a.m, - Remove (iv), having placed (i11)
slightly upstrean to it. The fish accidentally slip under (111)
s 1t 1s lowered into position. The fish were gently 'herded’ back
end (111) replaced. The pool (1i111) 1s now fairly long and
quiet in 1ts lower end, where the fish i

Dam (11) 1s moved
up to 6 inches from (1i1), making the pool rather turbulent,
4% once the larger fish went up over (i1i); the smaller fish
foll back to the lower screen.

6.57 @.m, - Both fish are at the lower soreen.

7.00, a.n. - Both are lying quietly in a simple swift.current
Jjust above the soreen. They do mot swim much but seem to hold
their positions by having the pectoral fins spread on the bottam,
(This method of mainteining a position in a rather swift ourrent
hed been observed before.)

7.15 a.n. - Both have ascended to above (11i) (over (1),
(11) and (i1i). Dam (1v) is now inserted 11 inches above (1i1),

7.22 an.a - One is over (iv). The other remains quietly

on the bottom of the trough, at the base of (iv) and to the left,
7.25 a.n. - An oblique baffle is placed just below (iv) so
as to direct a strong current at tais fish.

In 30 seconds he
quietly ri

and pass

over (iv).

Now these fish have been brought from the lower end of
the trough to the upper end by arranging dems and baffles so as
to have the fish in the influence of vertical currents or

turbulence whenever they stopped moving upwsrds.

In the last case
above an ares of 'dead water' wes altered to one of rather swift

current.
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7.26 a.u. - The fish ere now placed at the lower end of the

trough again.
The oblique baffle at (iv) is removed,

They quietly head the swift, rether siuple current
here.

7.30 a.u, - e snaller £ish goes up to (11-111) hesitetes
4 seconds, then moves up to (111-1v) and takes the position he
formerly held et the left side of the buse of (1v).

7.51 a.a. - The other fish goes up to (i-i1).

7.35 a.m, - o further movement by either.

7.40 ., - To movement yet. The oblique baffle is erranged
to direct the current at the fish below (iv), &s previously,
e drifts down to lle just above (11i).
goes up to and over (iv).

7.44 @om. -
7,42 @.m. - 7.44 a.n. - An oblique baffle is pleced just

below (11) as shown in fig. 6.(c). This directs the current

@t the fish lying ia (1-11). He drifts over behind the beffle

and remains in the eddy there
7.45 a.u. - The upper fish is sgain placed just above the

lower screen. He lies quietly as before.

- He heeds up stream slowly, then more rapidly,

7.47 a.m.
t behind the baffle in (ii1-1v), and remsins

and comes to T

there.
The fish lying behind the baffle in (i-11) was at first

very active, but has not moved from behind the baffle, except
for a slight lateral motion back and forth across the eddy.
7.50 ., = He is placed at the lower soreen.
7.52 a.m. - He ascends to behind (Bi) again, then falls
back to the lower reach.

7.55 a.m. - He ascends to (11i-1v), then falls back to

(1i-111), then to the screen again.
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7.58

n. - He ascends to behind (Bi), then falls buck to
screen.

7.59 a.n. - lie scends %o (11i-1v), and Grops back to Sergen
8.06 a.n, - He has remeined nesr the soreen. The fish
enind (B 111) has not moved since last moted
Boards were placed over the upper part of the trough
80 &s to darken the trough as fer back &s (B iii). In 5 minutes
the fish here had not moved. Observations were stopped.
In the above set of experiments the rate of flow between

the control gate and the upper soreen was about 1 foot in 4 second
with & depth of 6 inch:

1t was not found possible to measure
the rate of flow satisfactorily in the short stretches of repid
water below this, The same rate of flow was used below unless

otherwise stated,

Sept. 5, 2.30 p.n, - On returning to the apparatus it

s found to have been tempered with since morning, The dams had
been raised allowing the fish to move up undsrneath and both

were found under $he board at the upper end.

2,45 p.n. = Both fish wers placed at the lower sereen.

2.46 pom, - iud w

stirred into the water above the control
gate for 1 minutes, One fish ascended to the first dam while

the water was muddy and fell back when it cleared,

2.52 p.n. - Both fish in lower stretch. lud is stirred
in for 10 minut

Tater clears about 5.10 p.m.

3.12 pon. - Smaller fish is up to (1i1-iv) behind (B 111)
Mud 1s stirred in till 5,21 p.m.

3.17 pum, - Both fish are in (11i-iv) lying at outer edge
of baffle! with their head in the current, where the water seems
slightly olearer.
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5.25 p.m. - As water olears the fish drop behind the baffle,
The small one is about i inches below the surface and frequently

swings into the sironger current. he larger fish li
bottan,

on the

.23',50" - Small fish falls back to soreen, then ascends
to behind (B iii) egain.
8.24 p.m, - Soreen is removed from lower end of trough.
5.24' 30" - 4 large parr rose from the small pool below
the trough and went straight up %o the upper sereen, hesiteting
slightly in (11-i41pnd in (iii-iv), in smell eddi

3,25 p.u. - He rises to the surface in the upper pool,
falls beok to (11i-iv), then goss to upper screen again.

3.29 p.m, - Close off ourrent, ALl fish remaining in smell
Pool below trough are placed in the tank. e 3 fish wich

ned ascended the stream wers placed in tiis smsll pool and left
for 5 minutes,

3,36 p.m. - Two fish are juaping at the baffle forming
the lower end of this pool.

5.40 p.m. = One starts up trough a short distance, but

soon turns back, There is barely suffici

water for swimming.
Open current.

3.41 pua. - 411 5 fish lie flat against the screen bottom
of the pool, either under or behind the fallj and all hesd
*domnstrean’

.50 p.m. - No change from positions teken when ourrent was
first turned om, d

5.52 pums - Mud is stirred into the current above the upper
screen for 8 minutes.
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4.00 p.m, - Yo sign of movement out of pool.
4.02 p.n. - Water becomes clearer, One fish is moving
about near the surface, (The fish in the tank have been wendering

bout Within 6 inches of the swfsce since the nud was first
stirred into the ocurrent.)

4.04 p.n. - Ome fish enters trough to first dam, then
falls back to the pool.

4,05 p.m, - He enters the trough agsin.

4,06 D, - Another enters the trough. Both remain in the
lower swift stretoh. The current is mow cut down to ghout
1/3 of its former rate.

.06t 30" - Thres more head into lower end of trough.

4.08 pu, = No chenge in position. Stir up silt in upper
nd of trough.uil :

4,10 pum, - all fish go to botiom of lowest pool,

4,11 pum, - Water is clear. Thres fish are agein at the
surface of the pool, heading into the trough,

4,15 p.n. - The trough is covered with a board, The dis-
turbance causes the fish to sink to the bottom

4,17 pums - One fish rises to the surface.

4.18 p.a. - 411 are up at the surface.

4,20 pim. - One fish enters the trough about 2 inches.

4,30 p.m. - e 18 up to 8 inches. The others are still at
the surface in the pool.

4.51 p.m, - Close off current. Two fish sink to the bottom.

4.52 p.a. - The upper fish drops back to the pool.

4.35 p.m. - The water in the pool is very quist. The fish

move- about considerably and ome enters the trough twice, but
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fells back. (Depth in trough 3/8 inches.)
4,38 p.m. - Open current to 1/3 full strength. Water becomes

nuddy, The fish continue to wander about t1ll it clears, then
sink to the bottom,
4.39 p.m, - Two fish head into the tPough again.

4,40 p.n, - Inorease current to full stremgth. he fish

head the ourrent but remain in the pool. (Those in the tank
heading up into the descending ourrent. &

are quite acti
For the next hour various current manipulations and cover-

ing the trough with boards were tried, but the 3 fish remained
in the pool throughout.

5,40 pom. = 6,00 p.m, - Experiments as tried in the morn-
ing on the effect of dams and baffles were repested with these.
The fish went up to (i11-1v) and remained behind the.

5 fish.
Apperently they do still exhibit

baffle (B 111) in this pool,
& noticeable reaction to the stimuli of varying ourrents eto.,

but 1t is not as strong as previously, due to fatigue, or
possibly some unrecognized factor.

The epperatus for producing vertical currents in the tank
was arranged &s in £ig. 3.0 (p. 19), in order to allow the fish
%o move freely from tank to trough.

6,45 puiia = 411 fish were placed in the tank end sank to
the bottos within 10 seconds, with the exception of 1 fry which
remained 8 inohes from the surface, heading the descending
ourrent.

7,00 pum, - ALl fish are now at the bottom,
soending ourrent and drops

It 18 dusk.

7,10 p.mp - One fry rises in the
back to the shallow stretch at the lower end of the tank.
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7.15 p.n. - Close of the current, One fry, 2 small parr and

one large parr rise to the surface and remain there.

7.20 pon. - Open current. A1l but one ssall parr sink to
the bottom,

7.25 p.m. - The small perr at the surface enters the trough.
ending current and reste 113 ‘the lower

-nother rises by the
shallow stretoh.
7,40 pum, - One parr still in lower stretoh.
Just within the entrance to e upper trough.
Five susll perr ere lying
Three

Four are lying

7045 pom, - It s quite darks
1in the lower stretch (downstream to ascending current).
fry are just in the entrance to the trough. As the light was

flashed on 3 of the parr on the lower shallows descended by way

of the ascending current,
7.50 p.m. (Starlight). - The parr which had left the lower

shallows as the light was turned on wers back.within 2 minutes

after 1t was turned off,
8,00 p.n. - The fry in the entrance to the trough seem

sensitive to the light than the perr on the lower shallow

les
s the light is flashed on. One parr rises to

They 4o not move
surface, enters treugh and ascends helf way to dem (1).

8,02 pons - 8,08 p.a. - Three of the parr on the lower shal-
One of th

lows were placed in the lower end of the trough.
ascended to (iii-1v), The others sank to the bottom,

8,03 pum, - 8,15 pum. - This parr remained in (i1i-iv).
‘Three parr are to be seen on the lower shellows most of tils
The fry at the entrance to the trough remained here

period.
“The fish in the tank are moving around

throughout the period.
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2 to 10 inches Delow the surface, There Was no attempt to go

upstream, Observations were c

ed at 8,15 p.m.

Gomments on the behaviour of the fish under the conditions of
ourrent variation, light and turbidity descrided above follol

It is epparent that a number of complex factors aust bde

1involved, some of which were unknown, In many oa:

the results
of the observations seemed to contradict those obtained previously,
Further experiments with the various faotors under better con=
trol would be ney

sary.to establish any of the observations as
definite facts, Some points Wwere brought out, however, which
seen to be important,

4 great deal depends on the individusl fish under observation,
1ts vigor eto, Henoe many similar observations should be re-
oorded,

4n irreguler turbulent current very often has the effeot
of causing a fish to move upstream, This turbulence is most
effective when 1t takes the fom of vertical irregularities in
the ourrent, Horizontal eddies and dackwaters farm places whers
the fish tend to lie quietly. Vertical eddies frequently result
in the fish moving away, and since 1t usually heeds sgainst the
The effect
in current strength is not olear, though

ourrent, this movement is upstrean in most oa

of a simple increa:

1in some o

movement upstream resulted. The same may be said
of a decrease in ourrent. Possibly the effect of turbulence
could be analysed es an effect of changing ourrent. Movement
upstrean is more likely to oocur in shallow water, (under 6
inche:

, in times of-low light intensity than in times of high
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1ight intensity. This laster is dependent on the partioles of
11t not having a direct unfavourable effect on the fish. That
the fish tend to remain in one spot when in @ simple ourrent
of moderate strength was again brought out in the observations
Just recounted.
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Report No., XIV, A Study of the Behaviour of Trout Fry in
Vericus Types of Currents.

By P, ¥. Elson.

The observations and experiments to be described below were
ocarried out with a view to learning scmething of the behaviour of
the brook trout in relation to the current faotor in its emvirone

memt. Since this trout (Sslvelfms fontindlis) is essentially s

stream fish a consideration of its reactions to currents is
inportant in studying its beheviour end distribution. As fer as
possible the observations were made under uniform conditions of
11ght and temperature. The gemeral procedure has been to observe
whet reactions seem to

the fish under various conditions, to
be involved., Then an attempt is made to corralate the observed facts
in en order vhich wuld indicate the behavicur of the fish in 1ts
natural habitat.

The observations may be arrenced under four main headings;
in st11l weather; in water moving in & slow, simple current; in
water where both the sbove conditions ere provided; in more rapid
ourrents, involving ehange in rate of current, eddies, turbulence,
and fall

In still we
The behaviour of the fish was first studied in still water so

that their resctions to currents cculd be recognized by comparing the

beheviour under the two conditions. Also the behaviour in still
weter is in itself important since the fish does ocour in places

where no current is evident.
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" fry feem the Duck Cove brook were studied.
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Fry from the Prizzleton Hadchery were first used. Later native
Yo difference between the

wo stooks in size or behaviour wes apperent so no distinetion

Detween them 1s made below. 4
e observations were carried out in & small pool made frthe
purpose near the mouth of the Duck Cove brook. In the upper cormers
The ohute leading into
The trough leading
4 tpoodt

of the pool no current could bde detested,
the pool provided a rather slow flow of wWeter,
out oould be manipuleted to give quite @ swift current,
foraed of a square box wes provided at the lover end of the trough,
4 to prevent fish leaving

Both upper and lower chutes were sore
the main pool, & dlagrem of the set-up is provided in fig. l..
For most of the work a simple box, 30 inches long, 10 inches wide

end 1 foot @eep, scroened at both ends was used, Wings were fixed

to the outside of the box so thet 1t could be sunk to any desired
depth by plecing stones on these wings.

July 22, Wetohed 25 trout fry which had been pleced in the box
2 asys ppeviously. The box had been 4 still water sll this time.
The depth of water in the box wes 3 inches, The trout fry tended
%0 be dispersed evenly throughout the aveilsble space, both horie

zontally and vertically, 4 few fish were moving ebout at any given

time, They tended to head in sny and ell directions but there was

@ 1ittle tendency to be oriented parellel to the long axis of the

Some fish not swimming ebout aotively were lying motionless

box.
These

on the bottom. Others kept e verious levels off the bottom.

latter were oonstently moving their peotoral fins alternately, the
the

dorssl fin wes 'waved! to one side and the ocsudal fin moved

sort of 'sorew! motion. Apperently the combination of movements



erved to keep the fish in one place. Occasionally th
nove slightly either forwards or backwards. All the fish would

£1sh would

wender at one tise or enother. The movenent was leisutely unless a
dart was mde at a food particle on the surfcce. In such cases the
£1sh always turned about and retreated after either striking or
missing the particle. Wien the fish were alarmed by waving a hand
over the box they would dert swiftly back end forth the length of
the box, moving on a zigzag course. If the waving were contimued
for some time the fish gathersd at the opposite end of the box from
the disturbance and took a position quistly in the water but with
fins moving rapidly in the order desorided above. They were very
slert in this position end wauld dert swiftly et any veriation i
the movenents

When stones wers placed in the box at remuler intervals the
f1sh 418 ot seem to teke alerm 80 readily. Some would hide when
startled. Others would not. After being stertled those which hid
ressinéd under cover for about § mimites end furtier waving did wt
aisturd them. Rapping the side of the box, however, would ceuse some
%o leave their hiding places and seerch others. As many as five
fry would hide under 1 pebble about 3 inches BowOSs.If a board about
6" x 4% wes flosted om the surfece of the water, instead of plecing
stones in the box, the fish would all gather under the board on
being alarmed., The rirst 2 or 3 times there vas & certain emount
of darting about before all fish got under the board. After this
the fish would move directly under it on bdeing slarmed. As the
board, with the fish under 1%, wes pushed slowly about the fish

kept under the board. This reaction of hiding under the board wes




very proncunced, The board wes removed and stones replaced in the

box. In five minutes the fish had assumed a uniform distribution,
Weving the hend again alarmed the fish less tham /il when no stones
Only about one half of them sought shelter under ston

Eve

were present.
Twelve of the 25 simply milled about with mo attempt to hide,

splashing & hend or a stick in the water resulted in only four more
Again the stones were removed and the boerd

Once more the fish proved very exoitable when
mimtes they emerged fram under the

eoing into hiding.
placed in the box.

& hand vas waved. After thre
board a few at a time, end would dart back at & very slicht movement,
July 25. Depth 5/8 inches. 10.25 a.u. The fish stertle very
easily at movements on the bank such es resching for an object,
leaning over, ete. Very slow movemsnts do not startle them, however,
When stertled they appesr very anxious to find cover end will even
1t

hide under my flat hand as 1t-is pleced close to the surfa
s possible to flatten my hand, slowly, richt down on the fish when
Onoe 1% 1s raised abaut five inches above

they are hiding under it.
however, its movement stimulates the fish to dert abouts

the surfacy

10433,
at first they lay quietly, Now they wander sbout end are distribduted

Most are quite close to the bottom,

The fish heve been undisturbed for about four mimtes

quite evenly through the box.
1in this shellow water. Those ectually on the bottom are quite
motionless. Those flosting in the weter show typical fin movements

as slready doscribed.
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10,46  Put in the 4" x 6" bosrd. On being alarmed all went
under the board: Mo of the fish required to be 'startled! three
times before hiding. Onme fish has its head out in 20 seconds.
10.50.  Four fish ere out from under the board. There are two
at each end end they head in two directions.

10,52, Seven fish are out. They head in three directions. All
are 1ying very close to the bottom.

10.54. The two farthest fram me begin to wender about.

10,55, More fish show wendering end they begin to rise from the
botton slightly.

11.05. About 8 fish are swiming around in the box. The rest
are still under the board.

11.06. One lerge fry is'ohasing! otlers avay from its vioinity

and even wanders sbout 'looking for trouble',

11.10. Ten fish sre out now, They move in and out under the
board. There 1s just sufficient depth for them to swim wnder.
The sun now shines directly in the box. The aotivity of the fish
1s inoressed. On the whole the fish appesr, however, to keep ta
one side of the box where there is a shadow.

11.55, Ten fish are out, and distributed evenly through the
available spece. Overhancing leaves oeused shaded and bright
aress on the bottom. The distribution of the fish appears to
show no relation to the shadows, however. On being slarmed they
Qash quickly to cover.

11,56, Stones are put in. Only four seek hiding under the
stones.

11.57. There are twelve fry spresd through the opposite end of
$he box fron me. Some 1ie in sun, some in shadow. All are
quite motionl
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12.00. One starts to vander ebout, and Lmmedistely the rest
also start wandering.

12,01, Some come to the end neer me in wandering, but they tend
to concentrate at the far end.

12,04, ALL are quite active. Ous side of the box is shaded but
nost of the fieh are in direct mmlight. The distridution now
tends to be uniforn throughout the box.

12,07, On being alarned by movement of my hand three of the fish

hide under pedbles st the near end., The remsinder rush to the
opposite end and face the disturbance with no attempt at hiding,
remaining quietly. If the disturbauce is repeated most of the fish

ni11 around at the far ond end remain there. Four come towards

the disturbance and hide under stones.
12,35, The fish have been undisturbed for 25 minit
wander sbout during the interval. On being disturbed now eight

. They

k hiding under the stones, but most get as far

possible from
the disturbances
While waving the hand in the air osu:

quite a disturbance
among the fish, splashing it in the box oouses very little dis=
Surbence except to those fish in the imisdiste vieinity.

Four diagrams indicating the distribustm desorided above
will be found at the end of the paper.
Swmery of in 88411 vater.

In still weter the fish tend %o be evenly distributed throughe

out the availeble space, There is condiderable tendenoy to wander
sbaut. Over a uniform 1ight-coloured bottom they are very exoitable

©ond seek cover quickly if it is provided in the shape of some
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floating or overhenging dark object. If there ere stones spreed
about the botton they seem to be less exoitshle. Tiey are more
excitable in shellow than in deep water.

In & slow, even current.

July 23. The box used ebove, containing 25 fry, was slowly
noved over in fromt of the upper ohute 6t 3.15 p.m. The current
floved through the box at a rate of 30 4mdkes in 40 seconds, The
fish showed no sign of disturbence until the eurrent began to
flow through the tox. Then the fish sll headed upstream, snd
none were sotusliy lying on #he bottom. They swem vith a vigomous
tail novenent, and the movenent of the fins described ebove in
14l1ng in st1ll water was ebsent. At first the fish were com
centrated st the upper end of the box., Ocoasionslly a fish would
Jusp about six inches out of the water. By 3.30 p.m. they were
scattered fairly evenly thraich the trough. There was same
wandering from one and of the box to the other, but always movement
was perallel to the current. While scattered evenly throughout
the length of the trough the fish were mostly in the middle two
thirds in regard to lateral distridution, Periodicslly the fish
would collect at the upper end and several would jump out of the
water, From 3.58 to 4.03 en average of five junps per mimute
wes counted. At 4.10 jusping oocurred again; though at 4.07 the
aistridution had been feirly uniform throughout the box. By
Sompariscn with $he ATEEH G 1 BGX the Nighest fuMps were.ssiis
mated at about 9 inches from the surface, (The fry were 4 to 5
0., long.)
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4,50 pom. A1l are heading the stream, There is very little
wendering, each fish tending to remsin in one spot, but occasione
ally swing & centimetre or two to ome side, and back spain,
Distribution is feirly unifora throughtus the box, though et the
middle of the box, near me, there are no fish, All are up off
the bottom, and most at about the same level = 1 inch below the
surface with & 3 inch depth of water. 411 jumping hed ceased
by 4,500

When the fish are alarmed now, by weving the hand as before,
they move as & school. Exoept for those too neer the end they move
forward sbout & to 8 inches et a time. They appear to bde very
much less exoitable them in still water.
July 28, 11.00 a.m, The box had been left as described above,
sxcept that'a 4" x 6" board was floated on the water to provide
cover for the fish, The box was approached quietly. Only-2-3
of the fish kept near the upper end of the box, heading the current.
The rest remained under the boerd which hed drifted against the
lower screen. This condition epplied for 10 minutes during which
time en effort was made to disturb the fish in no way. The sky

was overc

. Temperature of water 19.8°C. When the board was
renoved quietly the distribution beosne somewht more equal,

though now there vas a &licht concentration in the upper two-thirds
of the box, While the fish tended to meintain ome position
fairly well they would quite oftei leave this to take a particle
of food thrown on the water, Thers was mo jumping &t the upper
end of the box as descrided on July 23, but ocoasionslly e fish
would leap clesr of the vater when rushing at a food particle,

P e —
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There seemed to be scme indication thet the lerger fish tended
%o be at the upper end of the box and the smaller fish at the
lower end., There werg, how

r; frequent exceptions to this
arrangenent, caused by movement of the fish.

12,00. The box was slowly moved out of the current, The fish at
onoe headed in all directions end commenced to wander svout, This
was & sharp contrast to the condition observed in the ourrent.
Wandering deoressed somewhst after about 15 mimites,

2,00, The fish ere uniformly distributed end wendering slightly.
While there are fish hesding in sll direotions there is a tendency
for most fish to hesd towards the mesrest open end of the box.
(This may indicsts the presence of soms undetected current).

2,35, loved box beck info ourrent. All fish head current end
tend to keep well o the upper end of the box for the first 10
ninutes, There ves no jusping, es on July 23, Affer the first
10 nimites o unifors distribution wes observed.

3.00, The sun shining throueh lesves causes shadows on the bottom
of the boxs The fish nesr the upper end of the box fall back
2-3 inches occasionslly, but seem to stop st a dsfinite place esch
time and work up agein. In most cases the place where they stop
scens to have & constent relation to one of tie shadows.

iug. 4. 2.00 p.ns No current, Fish are evenly distributed end

heading in ell There 1s slicht wandert The fish
sean to be getting 'thints 3

2.30. Box placed in current, The fish head the current and dis=
tribution is feirly uniforn for the first 10 mimutes. After this
the 1sh tend to be more concdntrated at the lower end (diagrem

for sug. 4), The fish are moving about more than was prewiously




eus to be related to

observed in @ current. This movement

foeding. There i 1 for food
o seversl fish

4 partiole not imuediately swalloved may pe:
before being disposed of. (The rete of eurrent flow-wss 30 inches
* .)

in 40 seoonds, as before. Temp. of water 18.
July 28, 3.30 p.u. 4n experiment wes tried in the lower apparetus

illustrated in fig. 1, This was designed to demonstrate the

contrest in the beheviour of the fish in st4ll water and in ourrents
The outlet %o the box vas srmenged so s o heve a ourrent in all
parte of the apparatus, rn-Zn-y in the apparatus lay prinoipelly
heading the current in eddies in the box, When the box was allowed
o £111 and 611 ourrent out off the fish comuenced to wander all
about, and to feed, One juiped cut of the boX. As the ourrent

wes alloved to flow agein wandering ceased. The fish again took

@ position heading the ourrent in a baok-water, snd were all quite
togetler, forming & saall sohool, Later & similer expariment
The pool was allawed to fill end drain from near

olo:

was porforned
the top, This miniuized ourrent in the pool. The ourrent was
allowed to flow in the trough slightly. The desired result we
produced by reising the lower end of the trough and the outlet of

81x of the fish remained on the box, wandering vigorously

the box.
1n all directions. The other happened to enter the trough in its

cended the ourrent a short distance ( the current

wendering,
deoressed steadily in strength, ss it caue down the trough), and
then remained stesdily in one spot for 10 minutes, He then dropped
back to the pool end wendergd about as did the other fish. Wnhile

4n the trough the position this fish held was immediately over quite

& dark knots
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Sumary of in & Siaple Current,

In @ sinple current of moderate strencth trout hesd the
current and tend to remain rather closely in one spot, If there
are several fish distribution tends to be uniform through the
available space. When first moved from quiet water into a current
the fish ere stimlated to move upstream. They may even jup.
The uniform distribution appears from 10-60 mimutes after, When
moved from @ ourrent to quiet water the trout fry wander about
quite vigorously. This wandering deoresses slizhtly after about
30 ninutes, but is etill much more apparent than in a current.
The £ish do not appear to take alarn as easily in a current as

if in quiet water, but if alermed move largely inm one direction,
reseubling a sohool (They will come to rest under a floating
board, when alarmed, if such cover is provided.)

In Slow Current with Varistio

n of Curre

iug. 4, 3,40 p.n.  The box was in front of the upper chute,
Baffles were arranged s in fig. 5. for Aug. 4. This disturbed
the fish s1ightly but by 3.45 the distribution was/indicated,
Distribution diagrans for 4,10 and 4.50 are also given. It will

be noted that at first ell fish but 4 vere st tho upper end of the
box, Leter distribution was rather more equal throughout the

box, and still later there were more fish at the lower end of the
box, The ourrent was fairly strong at the upper end, strongest

et the outer edge of the baffle, and weakest (30 inches in 40 second
st tho lower end of the box.

4,50 Fish neerly ell heading ourrent and lying in or just below
strongest current. One fish at extreme upper end, and 1 in still
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water behind baffle. (The water behind the baffle was quite
sti1l, There was & w

k eddy below i
The vater was three inch

outer edge of the baffle.)
were fish et all depths.
Aug. 5. Baffles were arranged &s in fig. 6 on the previous

nient,

deep and the:

The distribution at 9,00 a.m. was as illustrated, Most
of the fish were imuediately below the strongest part of the
ourrent, Occesionally a fish would enter the area behind the

baffles where there was little or no ourrent, When in this

area a fish would wander considerably, moving in and out of the
sti1l
barfl

to come to lie eventually below the lower end of the

Fish entering the marrow portion with swift current
414 not tend to 1ie here but moved either up or down streai,

Only one fish remained in the upper part of the box for any time.
If the lower bdaffle

;uietly noved distribution was as on
Augs 4 at 4,50 p.m, within 3 minutes. It is interesting that
these fish, which seem %o be rather thin, remain in the lower
week part of the ourrent, prinoipelly, instead of being dis-
tributed uore evenly.

10,15, The barfle was arranged as shown in fig. 7. The fish
for the art, remin belon the baffle and below this strongest §
pert of the ourrent, The water imiediutely bolow the bdaffle
18 rather quiet end wandering cocurs hers.
sbove the baffle.

Only one fish remsins
He lies in the main ourrent but just et the
outer edge of the eddy foraed above the baffle.

10.20.  The baffle was then moved as shown for this tise.

5t111 most fish kept below the bdaffle.

10.38. I frightened all fish to above the bdaffle, where they
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head the incoming current. In 1 minute 2 of the 15 fish ere
below the baffle agein; in 1j mimutes 8 fish are below the

baffle; in 5 minutes 12 fish are below; and in 12 mimutes only

2 fish remsin above the baffle.
10,50, The baffle wes then moved back to the lower 1/3 of the
box, as illustrated, At 10,58 &1l but the two fish mentioned
above were still crowded below the baffle. ALl vere now driven
above the baffle. They did not move very resdily. By 11.00

thros rish were below the baffle aain., They drifted backwards
down the current to take up positions es before. 3y 11.20 seven
fish vere below the baffle aud by 11,30 this proportion had mnot
ochanged. The baffle was then moved back to sbout the middle of
the box, es at 10,20, To chenge in distribution had occurred

by 11.45.

11.46, Baffle moved forward another 3 inches. The seven fish
below the baffle now noved up above it, but 6 of them inmediately
aropped back sgain. There is very little feeding or wendering now,
while 1} hours ego the fish were quite active. (Temp. of water
17.3%C.) A% 11.55 the aistritution ves still as figured for
11.46.

11.56. Since mich of the lower part of the box was unoceupied

the baffle was moved ss figured for 11.56. All but 3 fish moved

below at once. There was le vendering and di
below the baffle wes quite uniform. By 12.00 sll fish were below
the barfle, heading a current, fairly uniforaly distributed and

wendering of eny kind was aluost entirely abssnt.




12,01, Baffle moved to position as at 10,58, Imaediately four
f1sh move above. By 12,10 there ere 7 fish above end 8 below
the baffle with an occasional exchange of a fish from one place”
%o the other. The distribution seems to be more or less at an
equilibriua,

2.20 p.n. (Temp. 18.6°C.) There are 9 fry above and 6 below the
barfle. Drove all to the upper end. In 2-4 mimutes 4 or 5 drop
below the baffls. The rest resain sbove, distrivuted uniformly,
heeding the current end rather stationsry. They do not group
about the upper chute,

2.45. Baffle moved to upper corner of box. Where the current is
fairly streight the fish ere distributed quite evenly through
1ts length. There 1s a very slight tendency to wender into the
st111 water behind the baffle, or the eddy below 1ts outer edge.
The fish remain longer in the eddy than in the still water. In
the letter they tend to 'wander out', (fig. 8).

3.15. Baffle moved sbout 1/4 of the way dovn the box. More fish
assembled above the beffle, as 1llustrated. Otherwise there was
not mich change from the last set of conitions. (The fish mist
have been feodinz mom than was realized for their bellies ere
quite dictended compered to the condition et 10,00 asme)

3.30. The baffle was plsced still furtier back, This caused
the dead weter behind the baffle to teke up mich of the lower
pert of the trough. All mut 1 or 2 fish remalned below the
baffle. Wandering in this area was fairly pronounced, but eny
one fish fces not ressin in the still vater for any lensth of
time. By 3.38 some of the fish had moved sbove the baffle but
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but fell back again, so that there were stil) below the barfle.
3.40. Baffle moved close to lover end of screem. At 3.50 the
distribution was as ndicated, most of the fish still being

orowded below the baffle. There hed been & slight migration from

below the baffle to the upper end of the box, snd back again.
Thet 1s, some fish sctuslly experienced both places end steyed
1n the most crowded srea. .

g, 6. 8.00 am, DBaffle es at 3.40 p.u. the previons nisht.

411 frish were behind the baffle.
8.30. Beffle still as above but fish now are all shove the daffle.
10.30. Barfl

arranged as illustrated, Thepe was some wandering
1into the still erea behind the baffles but the fish did not *

resain there, wendering out sgain. By 2.30 wendering we
limited.

very
lost of the fish lay in the lower end of the box, below
the strongest part of the current.

Sumary of Observations using Baffles,

When the fish are civen a choige of steady, slow current versus

st111 water or eddies they tend to keep in the siuple current.
Tieh are seen more often in still water than in eddies, In still
weter the fish, of course, wander abut, while when in &n eddy
they tend to remain in ome spot, as in a simple current, It was
noted thst in the forencom, When the temperature of the water wes
low (16°=18°C) the fish wandered more than in the afternoon, when
the temperature was higher (18°-20°C), even thoueh the light
happensd to be brighter in the morning. Towards the end of the
series of observetions the fish, which appeared to be getting
thinner, were frequently o

rved in the lower weaker part of
the omsrent,




Observations on Bffeot of Swift Current, Changes of Rate of
Gurrent, and other Factors.

The following experiments were carried cut in the apperatus
at the lower end of the pool (fig. 1). In this apperatus the flow
of water could be veried from still to very swift.

July 31. 10,00 a.m. Seven fish were pleced in thetrough, which
wes soreened st both ends. The cutlet of the box ves arranged to
&ive & depth of 2 inches at the lower end of the trough, unless

the ourrent wes cut off for several minut

» ¥hen the weter drained
out of the box, lesving the tough bare. The water was cut off

at the upper end until only 1 inch of water was left in the lower
end of the troughs A 'freshet' was then allowed to run down the
trough. The fish, which were swimuing ebout in the lower end
@appeared to be excited to more motivity, and turned to heed the
ourrent. They did not sscend more then atout 6 inches however.

Repeatad freshets et 1 mimute intervals had no different effects

When freshets were given after s 2 minute period of quist they

eoned to have more offect. In this case ell the fish moved
about helf wey up the trough, but fell back at once, On ome
©oocasion a fish ascended the whole length of the trough (about
30 inches). Occasionslly a fish meintained its postion half way
up and would mscend to the upper end on the sucoseding freshet,
No junping at the upper screen was observed on this occasion,
though leter junping was obaerveds

The water wes allowed to fall in the grough until the

dorsal fins of the fry were exposed. They beowie quite sotives
A freshet vas ellowed to mn for 2 minut

Threo fish ascended
the trough end juaped at the upper ‘soreen, This wi
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several times, Zech time 1 to 3 fish ascended and jumped at

the upper screen. This experiment sugcested that some sort of
1aisturbing! influence caused the fish to show the ascent reaction
%o @ mich greater degree. When the water in the trough wes quite
st111, end from 1/2 inoh at the upper end to 2 inches et the
lower end the fish wendered about but only ocoasionslly approached
the shallow upper end. There wes no junping et the upper screen.
Aug. 4, Experiments as above were repested with fish which had
been exposed to ourrents for 4 days. On the previous occasion

the fish had been in still vater for

versl daye just previous
%o the experiments. On this oco

ion there wes no tendency to

end shown, This suges

s that a period spemt in still water
ust peevicusly;s:more:likely:to:bring sboutoan escent reflex
in the trout fry when they ere exposed to currents

than 1f they
have been in currents for some time.

4uge 4. 2,00 pom,  The effect of shallow water in bringing
about an ascent reflex h

been montioned, The effeot of walt
water was tried by placins the box used firet in front of the
upper chute, and running sea water by a siphon into the middle
of the box, The fry kept in the lower end, Wln the deep, salty
leyer, and there wes no attempt to move up to the incoming fresh
wator. When the flow of salt water was out off the fish asoumed
@ uniform distribution throughout the boxe

Experiments as on July 31 were repeated with fish whioch
hed been in st1ll water about 5 hours. On the first 4 freshets
4 out of 5 fish responded by sscending to the upper screen. They
then appedred fatigued and on subsequent froshots were swept
against the lowsr scroen.
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On 4ug. 6 siailer experiments were tried bit the Tesponses
of the fish were very weak. The water tempereture vas 20.0°C.
The apparatus was then arranged as illustrated. The side
(P) wes closed at the lower end so as to form a pool o water
sbout 3 inche
(P) to () ow (C) to (P) by & swll gate in the upper end of

deep at the low end. The fish could pass from

the partition.
The flow of water wes cut off end the water elloved to
drain out until Phe backs of the fish yere exposed. On making
@ freshet 2 or 3 of the fish ascended to the head of the trough
the first 4 times. ALl these went richt pest the gate into
(P). After this the fish appesred fatigued and remained at
the lower ond of (G), The experiuent wes repeated with fry
from st1ll water, They showed a stuiler sscent reaction only

the first 2 times, A small stick of oross section as illustrated

( N ) wes placed soross the current. This ceused a little

chute just sbove the fish. On the first three freshets fish

ascended to just above this dam., On the freshet after 1% mounted
the dam esch fish went to the heed Bf the trough. When the
stick was placed the other way ( & ) a smell falls resulted,
The fish ascended to this on & freshet, and leapt, but were not

successful in orossing the dem into the pool above The fish

seem to be less vigorous than previously, possibly due to the
high vater temperature.
A number of experiments similsr to those above were

performed but not recorded in detail,




-19-

Fron the observations the following points seea %o be
4 sudden ohange 1n the rate of current flow stirs

If the weter is & bit turbulent (as it was in all
lovenent

suggosted.
the fish up,
artifioisl Peshets) the fish frequently move upstream,
upstrean is more Iikely to ocour if the fish is first "conditioned®
by having been in still vater for et least 3 or 4 hours, If,

Just before the freshet, the fish hasbeen in some unfevourable
condition = &s very low water - 1t is move likely to sscend.

Salt water did not seem to have this'disturding! effect, Making

nd falls

disturbances in the ourrent by means of smell chut
resulted in the fish being brought up by a freshet, whereas

without the fall or chute they would not ascend.
complete

Witle the work recorded sbove is by mo means

or precise as 1s desired it did bring out & few points sbout

the behaviour of trout in currents, It is proposed to use this

s o prelininery to further work on the behaviour of trout with

respect to suoh factors as presence or abssnce. of ourrent,

type of current, teaperature of water, end possibly, to some
extent, the effect of licht, Studies on the effect of temperature
on the activity of these trout (Salvelinus fontinalis) are now

under vay.
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