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INTRODUCTION

4 At the beginning of the present century Hoffbauer (1899)

‘i ibed how the agé of a carp might be determined from its

gales. This was a valuable contribution to fishery work and

nee his time sonsiderable literature has accumulated on the

ect. No attempt will be made here to discuss the literature
fﬁ)"uae of the scales of fishes in age and growth determina-

ior since excellent reviews have been presented by Lee (1920),
fgf*i (1928) and Van O¢sten (1929). In the case of the Atlantic
non, however, Johnston (1905) was the first to show that the

es recorded the age of the fish, He examined the scales of
aery fish and found the known age and the age as read from

1 scales in perfect agreement. By tagging smolts in 1905 and
>i.§1ng the scales =t subseguent recapture Joinston (1906, 07, 08)
fa'har demonstrated that fhe’number of years spent in the sea
: rccorded on the scales. &Since theée investigations it has

itn generally accepted that the ages of salmon can be interpreted
r m the scales. The scale method has been used extensiveéely on
Wil»n in English and chttiah rivers; it has also been applied

| :.'nlmon on this side of the Atlantic.

it

Tittle or no mention has been made in salmon literature of

any difficulty in distinguishing annual from acdessory checks
Ly
ff the factors involved in the formation.of either. During

B4
5

estigations of salmon from the liramichi and St. John rivers,

New Bruuswick, some doubt was entertained as to the interpretation
i

some of the checks especially in the frésh-water portion of

.



;ﬁihn scale, Futhermore examination of the scales of salmon
zw;ttained for 24 years in the St. John Hatchery revealed the
é}gro-aneo of chéck: ot'doubtful interpretation, Gray and Setna
64(1951) have found that Salmo irideus fed with abundant food
form on a proportion of their seales abnormally wide rings even
ring the winter months; the variations in tempersture were
from 13,39 in July to 6.1°C in February. On the other hand
 Cutler (1918) concluded from experiments on Plaice and Flounders
t the winter and summer bands of the scale are produced by
@q-pcraturc changes only, and that the amount of food which the
'g§%sh consumes does not affect the production of suwmer and winter
fﬁilnd-. Due to the absence of any such knowledge concerning the
s owth of salmon scales, exp eriments were designed to determine
e effect of food, temperature and other factors on the growth
the scales, and the relation between scale and body growth
der different temperature and food conditions. Yarticular
tention hes been paid to the different types of chedks pro-
ced on the scale by changes in environmental conditions to

to what extent they can be distinguished from the annual

- ‘; cks .
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MATERIAL AKD METHODS

Fractically all of’the fish were obtained from hatcheries.
Salmon fry were received from the &t. John Hatchery but were not
used in any of the experiments until they were 1 {-2'* year=
; old parr. Pry were nlso brought from the Florenceville Hatchery
§  in the fall of 1934 and used immediately in some of the experi-
ments, FParr and smolts ( 2+ year-old) were transferred from
the St. John Hatchery in the spring of 1936 and used that surmer
in some of the experiments., Outside of these hatchery sources
fhe material consisted of only two smolts from t he Kiramichi'
iiflniver and one grilse from St. John Harbour.
: The experimental troughs were made of wood and were coated
?:; with Braco, an asphalt mixture, on the inside. .The inside
%k dimensions of the toughs were: length 48", width 14", and depth
'ﬁQ 8.56"., The depth of the water in each trough was cnly 5" making
~f'a total volume of 3360 cubic inches or 12.1 imperial gallons.
Most of the experiments were carried out in leNichol's field
t¥§ ahout half a mile from the Biologiecal Station at St. Andrews.
55? The source of water was a spring on the side of a hill, the
~troughs being arrasnged in a double row in the open field below
. the spring (fig. 1-2). The troughs next the spring and the most
éaf,dittant troughs were protected from the direct rays of the sun
';;}ﬁv tar-paper shades while some of the intervening troughs were
;t&ileft uncovered. In this way low temperatures in the troughs

?nnxt the spring a2nd higher temperatures in the most distant troughs

x
e M

;";jire procured, Vhen fish were carried over winter, the arrangement




ade

f ‘a fairly snug shark built over them. The salt water experi-
nts (f1g. 3) were carried out in the baseuent of the Station
\i souree of water being ﬁhe estuary of the o5t. Croix River,
i}thil case the water was heated by means of =n 0il jackete
i;ttr and the low temperature was mainly that of the river water
iich was cooled slightly by passing through a brine-cooler,

ff- The food of the fry consisted mainly of straight beef liver
(; occasionally & mixture of beef liver, lactalbunim, dried
romllk and salmon egg meal., The parr and smolts were fed on
E_Qd herring. Herring of sardine size (about 5" in length)
3i‘ont into transverse slices sbout 1/8" thick and weighing

| (imately 1 gram, These whole slices were fed to the larger

i; and smolts while the smaller parr were fed on halfeslices.

“fla Upper section of experimental set-up at kclichol's Spring.



g« 2. lLower section of experimental set-up at McNichol's Spring.

€

':;Qb Experimentel set-up in the basement of the Biological
R Station, 8t. Andrews, N.B.
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The lengths of the fish were measured in millimeters from

ff anterior end of the snout to the posterior end of the niddle
b of the caudal fin., Lengths were also taken to the tips of

j; caudal fin but in some cases these tips were sufficiently

3 ' at the end of the experiment to render these messurements

2 ess 80 they have not been used at all in these experiments.
;é'~.rmore. such measurements are not desirable where any degree
 .ccurncy is needed for they depend too much on the deiree to
;?ih the lobes of the caudal fin are spread. The fish were

N

sighed on a torsion balance and the weights measured to the

= .
:,

sarest half gram, The fish were weighed alive in water by
ously balancing bricks on one pan ageinst conteiner and

5)h on the other pan, A round tin container (10" diameter,
:ﬁatpth) was used with a 3" flange at the top to pievent loss
BG" sien the £ish was dropped in to be weighed.

;f In every case a sample of about 50 scales was removed from
;itith #t the beginning and at the end of the experiment whble
';ilno cases a sample was also removed during the experiment;
ialattcr procedure was necessary in scale~check experiments
”flitorminc when the checke were formed. Scale samples were
i:: mid-way between the lateral line and the dorsal fin either

) &

: iﬁo right or left side of the fish and in line with the
E
erior or posterior base of the dorsal fin. Some of the scales

_ﬁi mounted in a glycerine waterglass mixture (5 to 6) but this
ﬁfl't very satisfactory because the waterglass crystallized and
4

white first around the edge of the coverglass but in time

the coverglass also, For this reason De Faure's fluid
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was tried and proved very satisfactory. The formula for this
fluid is given by Guyer (1936) in Aniﬁal Licrologyes The small
scales were exﬁminedland meassured with a compound microscope
fitted with 2n ocular micrometer while the large scales were
measured with a Leitz-Edinger projector.

Considerable difficulty vas.encountered in handling the
live fish to tnke scale gamples and measurements. The first
method attempted was to put the fisﬁ in a bag of cheesecloth
or marquisette (no. 5) which had a round stick on each side at
the open end of the bags the cheesecloth was then rolled around
these two sticks until the fish could be held firmly, The
cheesecloth was then cut near both ends of the fish so the gength
could be measured and also near the dorsal fin so a sample of
scales could be taken., As will be realized this is an awkward
and tedious method as well as subjecting the fish to rather
rough handling. The other method used was that of anaesthetizing
the fish in an ether-water sclution and this method proved very
satisfactory.

The procedure used in administering the ether was as f.llowsl
Just enough water was put in a tin container to sufficiently
cover the fish and allow for freedom of movement., A round
container was used with a dismeter of 13" and a de th of 14", The
fish vas then put in this container and a small guantity of ether
added at intervals of about 5 minutes until the fish started to
turn over on its side. It would swim around several minutes
rolling from one side to the other and would shortly settle to
the bottom and remain motionless except for breathing. It was

then removed and the necessary operations performed. The time
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gg'-uier in the anaesthe.ic before it could be handled readily
i?z between 20 and 30 minutes. when pladed back in fresh water
T?qlin it would come out of the aneesthetic immediately. This
Egicthod was considered better than placing the fish in 2 pre=-
ﬁ@ioualy mixed solution of ether for there was no danger of it
E;ntting too'much of the anasesthetic.

;? A number of tests were conducted on the time required for
%%Iloatheiia in various concentrations. The test for ancsesthesis
V;ytn to see if the fish, when taken out of the solution, would
nilo on the hand for 20 seconds without any or much movement.
ite often the fish might gulp or move its tail a little but
%}h‘se were not considered as any effurt to escape. The results
;% e given in table 1.

§€é~10 1. Time required to “naesthetize Salmon Farr in Various

Vl
/

kf Concentrations of ILther.

x
S
1.

‘¥ish Lengtn Weight Teup. nther Solution Time reguired
~ No. mm, grems °C concen= ' for anaesthesis

5, tration %
176 63.5 8.8 0.3 Fresh Kot even on sid
’ in 45 minutes
163 > 46,0 9.4 O Fresh No anaesthegia
in 52 minutes
189 71.0 214 0.3 Fresh 43 minutes
189 74,0  10.6 0.8 V.8 i
(nixed 62') 25 minutes,40s
172 54.0 9.6 1.0 iresh 19 min.45 sec.
191 71.5 11.8 1.0 V3

(mixed 37') 3 min., 45 sec,




. (continued)
2 Length Weight Teup. Ither Sclution Time required
y Dbm, grams - G concente= : for anaesthesia
ration %
mn 58.5 15,7 1.0 Fresh 17 min. 20 sec.
164 50.5 16.6 1.0 W ol2 8 min, 40 sec.
(mixed 45')
185 65.0 8.1 1.0 Fresh 18 min, 20 sec.
161 50,0 9.6 1.0 Well
(mixed 88') 4 min. 20 sec.
180 79,0 9.9 1.0 Ve.ll

(mixed 80') 5 min,.

Yes, to which wes added 20, 40, 50 or 60 cc. of ether. The
fi=r cent solution was tried on W 4 fish and although the fish
H_ over on its side several times it soon righted itself;
i;after 45 minutes in the solution it wrs 8till swirming around
o vercent

‘this fashion, 5o a 0.7/solution was tried on ¥ 2 fish,

:i’” around on its side for some time and was left in the
{%10n for 52 minutes but even then it could not be held out for
:?7conda without movement, In the 0.8 per cent solution,

ifvtr, W 8 fish was annésthetized in 43 minutes, and 1n the same
fition an kéur later W b fish was ananesthetized in 26 nminutes,
;idlfferance in time, of course, being due to the fect that the
h was thoroughly dissolved when ¥ 5 fish was put in the

lution. In the 1.0 per cent solution the time required for

-
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anaesthesia by W 12, ¥ 11, and ¥ 3 fish was 17, 18, snd 20

‘-1 tes respectively. VWhen other fish were put in these same
nilutiona 37 to 48 minutes later the time required for annes=-
i“ gin was only between 4 and 9 tinutes. The 1.0 per cent

je ition would, therefore, be the most suitable concentration
f?fnac on parr b@twccn 50 and 79 grams in welght end at tem~
ii!'turos from & to 16°C., '
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FOOD T  EXPE NTS

nte in Varying the Food to Produce Checks on the Scales.

{a) fZxperiment W 5

The experiment was earried out on a 24 yeafeold parr from

:  8t. John Hatehery. During the first 48 days of the experimcht
fish was ration fed, being given either 1 or 2 half alicci
‘lrring each day. For the lagt 68 days of the experiment it
fed all it wished to eat. The daily food and temperatures

re plotted in fig. 4. The daily food consumed during the

- on-fed period was 1.6 half-slices of herring and the mean
erature was 12.29C. The daily food consumption in the welle

ﬁ?‘)oriod was 5.1 half-slices of herring =nd the mean tempera-
ji'. was 12,60C, The sex of the fish was female.
’j; The length of the fish on June 186 was 149 mm.  The length

inerement during the ration-fed period was 8,1 per cent and

ilaa- 3245 grams, The weight increments were: ratione-fed

od, 16.9 per cent; and well-fed period 94.7 per cent,

Results,

Scales were removed at the beginning of the experiment,
he end of the ration-fed period, and at the end of the
ixperiment (fig. 5). Gcales removed st the beginning of the
-ﬁ" riment had 2 complete years of growth plus 4 or 5 ridges
of summer growth with a transference check at the edge or 1

ﬁmZ" from the edge. There were 5 ridges added to the scale



iq_ -1l

#
i

fifins the ration-fed period, the first two being narrow and the
zitt 3 some¥hot wider. During the well~fed period there were
f;nnre ridges added fo the scale. The first one was very close
ly»tho last ridge of the ration-fed period, the last ridée being
ineomplete when the fish was shifted from the ration-fed

Y

i;tt to a well-=fed diet. The succeeding 4 ridges are somewhat

fif:tr than the ridges formed during the ration-fed period but
?;,_last 2 ridges are not quite so wide. In general then the
16n-feed1ng produced slightly narrower ridges than unlimited
ding and the sudden change from one to the other left a check
the scale. The check appears o be formed by the suddenly
reased growth rate initiating entirely new scale growth in

i’=o of completing the former ridges.

« 4. Daily teumperature and food-counsumption in Experiment W 5.



g+ 5. Ixperiment ¥ 5; Scale showing effect of food on growths
TC ~ transference check; RF - ration-fed; W¥F - well-fed, X 21

(b) Bxperiment 8 3

‘From June 3 to June 6, 1934, a number of migrezting smolts
netted in the upper part of the estuary of the Miramichi

at Strathadem. They were transferred to St. Andrews on

9. Iater on during the summer the fish used in this
;erinnnt wes trensferred to salt water. The selinity wes
i slowly but it wes found later that this precsution was
. ecegsary, The procedure followed in this experiment was to
the fish very little to eet from September 27, 1934 to
ust 9, 1935, end to give it all it wished to eat from August 9
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0 Sovember 18, ¥o attenpt was made to control the temperature.

e
g

Feeding and Teuperature,

The daily temperature and food records are shown in fig. 6.
percentege weight increments are givem in table 2 (also nhowh
.5ﬁ’fig. €) for approximately monthly periods, the periods con-

 ¢rab1y mere or less than a wmonth being marked off from

o

&3

;  others. The food counsisted of shrimp from September 27 to

-ffcnber 20y 1934; beef liver from December 21, 1934 to July 8, -

f{%;; and whole slices of herring from July 9 to November 18,

5
i

daily ration of shrimp was 1 to 2 shrimp, of liver about a

s
i

1alf cubie inch, and of herring 4 or 5 slices. The fish was
h;"rved to feed regularly st all times except from January 18
Ti!hroh 15, During this time it was seen feeding only on two
;?»liona. The liniting factor was the temperature which varied
rom zero to 1 degree centigrade. liven at this temperature,
':10ver, the fish apparently did some feeding for exceeta were

b erved in the trough, and from February. 9 to March ¢ it
F?roased in weight 1.2 per cent, When the teuperature was

f;ﬂ een 1 and 90C (¥arech 16 to June 10) the monthly weight

?\ enses were between 2 snd 3 per cent. But from June 10 to

’E; Yy © the temperature rose from 9 to 129C and evidently the
'f;.l metabolism increased to such an extent that the fish

Y no increase in weight. Growth w=s somewhat better on a
herring ration than on a liver ration for from July & to August 9
:(, weight increase was 14.3 per cent. After August ¢ the

,;?t was well-fed, the food consumption showed an upward trend
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&iiﬂ spite of a falling temperature, and the welght increased
W 3

?Jconaiderably.

b

The length of the ration-~fed period was 216 days and the

.

| well-fed period 101 days. The inmcrcase in weight during the
tu;ation-ted period was only 49.5 per eent and during the wéll-fed

ﬁf*eriod #0646 per cent., The length increase was 18.8 per cent in

b o

}3he ration=fed pericd and 33,6 per cent in the welle-fed period,

X

)
R

Q%Thble 2. Percentage Weight Increments (S 3)
e

o

ii‘ reriods _ jeight Increments %
& Oct, 23 - Nov. 23 | 1.5
Nov. 23/34 - ¥eb. 8/35 -5.6
Feb, 9 - Lar, 9 W
’{3‘ Mar, 9 - Apr. 11 3.1
@;‘ Apr. 11 - liay 8 ' 2.6
fiay & - June 10 2.6
E June 10 - July 9 0.0
July 9 - Aug. 9 14,3
rm———— _— = S — S
Auge 9 - Aug. 30 32.8
Aug. 30 - Bept. 30 56.0 :
Sept. 30 - Nov, 1 39.8
BETE = B X TR y———_=
ale Yesulfbs

Gecales were removed from the fish at the beginning of the

riod August 9, 1935; and at the end of the experiment
* November

R e TEE ST S TP NN S0 B Sy VT W TR
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351’35. By comparthg tﬁese.soalea the emount of scale

;?fh during the experiment was determined, JThis is shown in

1 7, on 2 scale removed at the end of the experiment,
jgiuaing the river growth there are sbout 19 wide ridges
w{'-cnting the\summer growth of 1934 previous to September 27.
&b follow ab ut 8 narrow ridges representing the growth from
L?lnbcr 27, 1934, to August 9, 1935; i.e. during the ration-
iipqriod. This band of narrow ridges forms o very dafinit§
f:* on the scale. ZFrom this check to the edge of the socale

?3, ere 10 wide ridges representing the growth during the well-
?ﬁytrtod from August 9 to November 18, Some of the ridges in

.: food check are incomplete st the eides while guite a hnubcr
Z$h'n extend right down the sides of the scale. The check as

kw»1c resembles a sea winter check almost perfectlys; It differs

a river winter check in the extent of growth.

6, Daily temperature and rood-conaUmpt;bn im Ixperiment & 3.
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7. TIxperiment 3 33 scale showing effect of food on growthj
RF = rationefed; WF - well-fed., X 18,

(¢) Experiment W 6

i In this experiment 2 24 year-old parr from the St. John
d:ﬂ<cry was well-fed for 48 days and then ration-fed for 68days.

daily temperature and feeding records are shown in fig. 8.

: daily food consumption in the well-fed period was 4.9 half-
;Eiacl of herring and the mean temperature 12,4°C. 1In the rntién-
. period the daily food consumption was 1.2 half-slices of

ing and the mean temperature was 12.8°C. It should be noted

%t the daily ration was 2 half-slices of herring and that, during
latter part of the experiment, the fish would not ent more than



-18-

slice a day and some days refused to eat atall. The

‘?1 condition of the fish is perhaps responsible as it was
;f,%rn male.

Q? The length on June 16 wes 130 mm., the length increments

ing 16.9 per cent for the well-fed period and 416 per cent

'; the retion-fed peiiod. The weight Qn June 17 was 22.0 gruﬁsgz
:2,'!15ht increment was 79.5 per cent for the well=fed period
':'19.0 per cent for the ration-fed period.

l Results,.

e

Seale samples were taken at the beginning of the experiment,
}ih! end of the well-fed period, and at the end of the experie
i;a, Fig. 9 represents a scale removed at the end of the

periment, It shows two complete years of growth, a transference

i

formed when the fish was moved from St., John to 5t. Andrews,

,QU wide ridges laid down during the well-fed period and twq'

ridges formed during the ration-fed period.

8. Daily temperature nnd food-consumption in experiment W 6.
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f +» 9. DExperiment W 6; scale showing effect of food on growth.
TC = transference check; WP - well-fed; RF - ration-fed.X 21

(d) Zxperiment W 8

_ In this experiment the fish was wellefed for the first 34
"fo ration-fed during the following 33 days, and wellefed during

.ivtinll 49 days. The daily temperstures and food are plotted
n fig, 10. In the initial well-fed period the mean daily food=
" amption was 7.8 half-slices of herring and the mean tempero=
was 11.8°C; in the ration-fed period the fish waa‘givon only
f-slices each day and the mean tesperature was 14,3°9C; in

lj final well-feé period the mean deily féod-connumption was

fﬂ;half--lices of herring and the mean temperature was 12,29,
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fish was 4n immature femsnle and the feeding in the final

riod was considerably better than that of the mature males;;
2‘!‘. of course, affected by the dropping tenperature.

| The weight of the fish on Jule 17 was 24.0 grams. The weight
ients for the various food periods are as follows: initial
fed period, 72.9 per cent; ration-fed period, 14.5 per centj
1" the final well=fed period, 49.5 per cent. The length on

7‘;16 was 137 rm., the length increment during the first two
2’-& wag 24,8 per ecent and during the firal well=fed period

 per cent.

le Results.

F Genles were removed at the beginning of the experiment, at
cnd of the ration=fed period, and at the end of the experiment

‘the growth during each of the periods was easily determined

;?. 11). Geales at the beginning of the experiment had a trans-

;Jnce check at the edge s0 in scales removed later this check

:f~ the beginning of the experiment. O0f the ridges laid down

1ng the experiment the first five formed during the initial

lvfed period were very widej; the next five ridges formed

;finc the ration-fed period were fairly narrow and some weré

* mplete at the sides; the last five ridges formed during the

ianl well=fed period were wide again except the ridge at the

'f*t of the scale was quite narrow, Thus the poor feeding .

ins the ration-fed period produced a band of closely spaced,
omyx'wptc ridges resembling a winter check fairly closely.

= v«f;f&v" ,,‘ ‘q,
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Daily temperature and food-consumption in experiment ¥ 8.

’7:2xp¢rintnt W 83 veale showing effect of food on growth;

~ TC - transference check; Wy - well=fed; RF - ration-fed.
X 21
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(e) Experiment ¥ 7

iIn this experiment a 24 year-old parr from the 5t. John

;ffwory was well-fed for 34 days, then ration-fed for 33 days,

' Tﬁnally well=fed for 49 days. The daily food and temperatures
lotted in Tig. 12, In the initial well-fed period the

' food consumed was 716 half-slices of herring and the mean
rature was 11.,49C3; during the ration-fed period it was given

4gvf-elicca per day and the mean temperature was 14,1°C; during

:{“ nal well-fed period the daily food consumption was 3.1

Bsiices of herring and the mean temperature was 12,1°C, The

was 2 mature male which pariially explains the foor feeding

e finalvwall-fed period.

Phe weight of the fish on June 17 was 40.,0 grams. The

t increments for the various periods were: initial well-fed

, 47.5 per cent; ration-fed period, 15,3 per cent; final

tad period, 16.2 per cent. The length on June 16 was 155
increased in length 16.1 per cent during the full time

e experiment.

esults.

3 Englae were removed only at the beginning and at the

‘ghm experiment. Scsles at the beginning had 2 complete
f growth end 3-4 summer ridges with a transference check
edge of the scale. The additional growth during the

nt consisted of 7-8 ridges, the first 4 being wide and
J“i;a-4 being narrow. That is, there were 4 wide ridges
g‘during the initial well-fed period and 3-4 narrow
é‘ﬂtiﬂg the remaining ration and well-fed periods, there
efinite distinetion between the widths of the ridges
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last two periods even though the feeding was slightly

ter in the 1ast period.

s 12, Daily temperature and food-consumption in experiment W 7.

(f) Ixperiment ¥ 7

ihito purpose of the experiment was to determine the effect
f;iuriatiog in food supply on the growth of the scalé. The
lstald was a 2 4 yaan;igolt obtained from the St. John

on May 20, 1936, It was retained in fresh water until
inning of the experiment on June 25, 1936, It was then

ed directly to 2 salt water tnough in the laboratory
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The temperature was kept fairly constant during the whole
of the experiment, namely 91 deys. The food, however, wax
ed. The daily temperatures and food are plott d in fig., 13
the means given in table 3, for each of the periods, During
first 30 days the fish was allowed all it wished to eat and
H' daily food consumption inecreased as the temperature increased.
‘%,lng the succeeding 30 days the fish was fed a ration of 4
jieea of hefring per day; and for the final 22 days it was again
”i all it wished to eat. The mean daily food eonsumption for
ffa'pcriod was: 10,8 slices of herring for the first well=fed
od, 3.8 slices for the ration-fed period, snd 6.2 slices for
final well=fed period. The food=-consumption is considerably
after the ration-~fed period than beford., If the experiment
f&; been continucd for a longer time, perhaps the amount of food
:Ef.n would have incrcased. At any rate that is what happened
’ﬁa'r starvation in experiment V 2, In that instance there wus
1;caovery period of about 18 days after wihich the fo sd= consump=
n increassed, Since the temperuture was fairly oonatant any
‘cka occurring on the scale should be due to food only. The
atest variation in the meen temperatures of the three periods
0.5°C,

Lengths and weights were recorded at the beginuing and
 f;p1etion of the experiment only. The length on June 25 was

:fs rm, 2nd on September 25 was 271 mm., an éncrease of 39 per

ts The weight on June 25 was 68 grama and 187.5 grams on

ptember 25 representing an increase of 175.7 per cent.
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ble 3. Food Consumption and Temperature of Nxperimental

Feeding leriods in Experiment & 7,

.
cperimental well-fed Ration=fed Jell-fed
onditions

A

gth of June ZB-=Aug.3 duge 4=Sept.3 “ept.4~-3ept.25
Feriods 39 days 30 days 22 days

' | Daily :

enp. 11.8 12.3 C 12482

n Daily . .

le Results.

:f!he scales removed at the beginning of the experiment

two full years of growth followed by & or 9 ridges of

o for the current summer., .he firet 4 or 5 ridges of current
i were wide while the next 3 rpdges were very n#rrow and
f}»lar forming a promiﬁent cueck in the scale growth., In some
j?! this check was fodlowed by 1 or 2 wide ridges while in

Bre the check wne right at the edge of the scele. This is a
ff!crence check which was formed after the fish had been
fﬁxbrred from the Gt. John Hatchery on Mey 20 to 5t., Andrews.
£§1mo interval from transference to the beginning of the
i%uuant w:s 38 days which represents approximately the time
;:ztd for sueh n check to be laid down.

n the scales removed at the end of the experiment this

é;#hronce check formed a very good mark to indicate the
i

B
b5
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1w:qn.nt growth of the scale which occurred during the running

» experiment, One of these scales is represented in fig. 14.
iffirnt 10 ridges éra wide ond correspond to the first well-fed
iigd (29 ,deys) of the experiment. The next 5 ridges are con=
:.~b1y narrower nnd correspond to the ration-fed period (30
?f). The following 2 or 3 ridies are wide and cor;espond to
;final well-fed period (22 days)., The 5 narrow ridges caused
li’fion-feeding might be called & food check. These ridges are

?>ir and most of them extend down the sides of the scale

f&hit respect the photogtaph is not as representative as it
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Bof -

14, Experiment F 7; scale showing effect of food on growth;
TC - traneference check; W§ - well-feds RF - ration-fed.
X 18,
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ents in Varying the Temperature to froduce Checks on

the dcales.

(a) Zxperiment 2 B 7

The fish used in this experiment wes obtained as a fry fn
V%E from the St. John Hatchery. On October 1, 1934, it wes
parated from the reserve supply of fish and put in a separate
On Msy 18, 1925, it was transferred to & high tempera-
f s On 3eptember 3, 1935, it wes transferred to a low
i*;rlture. At all times it was fed all it wished to eat,
svious to July 5, 1935, it was fed on beef liver but from

Tp on to the end °f the experiment on October 31, 1935, it was
'guhole slices of herring. The dasily food and daily tempera-
| are shown in fige 15. The general trend of the food
follows very closely that of the temperature curve.

fi For the high-temperature period from June 17 to September 3
T;Inan daily temperature was 12,8°C. For the low-tenperature
i from Geptember 3 to October 31 the mean deily temperature
} 9.20C. The mean daily food consumed during the high-temperature
d was 135.3 slices of her:ring end during the low-temperature
Mod only 6.2 slices of herring., The teuperature evidently

_‘ ted the feeding considerably. The monthly weight increases
Vf,llmilarly affgcted. Trney vsried as follows:i=July 65.1
?vtnt; Auguet 82.7 per cent; September 16,6 rer cent; and
7i~r 7.1 per cent. The length of the fish was measured only

Beptember I and Uctober 31, the length inercasing from 287



};~1. samples were taken at the end of tne high=-temperature

d on September 3 snd at the end of the experiment on

I 3l. A scale from the latter sample is shown in fig. 16,
}%lt 12 ridges after the last winter check eare wide and
¥iu1 the growth during the high-temperature period, i.e.

» to September 3. The last 3 of these ridges, however,
:f.ever than the preceding ones nnd correspond to the last
;\il of the high-temperature period when the temperature
@ding dropped considerably., The next 4 or 5 ridges at the
the scale sre narrower than any of the preceding ridges .
sent the growth during the low-temperature period from

filr 3 to October 31.

Duily;temperature and food-consumption in experiment 2B 7.

"
W,



& 16, Z=Experiment 2B 7; scale showing effect of temperature
‘ on growth; HT « Ligh-temperature; LT - low=temperature.
X 18.

(b) EZxperiment % 9

ff A 2¢year-old parr'from the St. John Hatchery was kept =t

h temperature for 34 days, then shifted to a low temperature
;:ii days, 2nd finally back to the high temperature for 47 days,
‘i: 17)s The mean temperature during th initial high-tempera=
‘e period was 11.4°C end the daily food-consumption 5.1 half-
f‘i of herring; in the low=-temperature period the mean tempera=-
iiﬂll 8.8 and the daily food~-consumption 2.5 half-slices;

the final high-temperature period the mean temperature
“@¢.o°c #nd the food consumption 2.2 half-slices per day.

; eding did not improve any during the final high~-temperature

a8 one would expect which is due to the fact that the
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h was a mature male.

. The weight of the fish at the beginning of the experiment
filﬁ.b grams #nd the weight increments were: 43,6 per cent in
L!initial high-temperature period, 39.3 per cent in the low=~

- ature period, and 28,2 per cent in the final high-temperature
I de The length of the fish at the beginning of the experim=

:C!Il 125 mm. and increased 28.8 per cent during the experiment.

;ﬁ Scales were removed only at the Reginning and at the end of
:kc:porinnnt. Those at the beginning had 2 complete years of
.;4= followed by 4-5 ridges of surmer growth with a transference
i‘ at the edge of the scale. The ndditional growth during the
?91Innt consisted of 4 wide ridges during the initial-high~
perature period, 4 slightly na:rrower ridges during the lowe
:‘»~turc period, and 2«3 very narrow ridges during the final

f temperature period. Thus there were wide ridges formed in
f}nitial high-temperature, the difference being due to better
2{!‘ in the former.
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g+ 17, Daily temperature and f;:od-conaumption in experiment W 9.
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(e) Experiment W 10

A8

V‘The fish in this experiment was a 2+ yearfeld parr from

fj 8t. John Hatchery. It wns kept at a high temperature for

i‘ days, a low temperature for 35 days, and again at a high
‘temperature for 47 days. It was well-fed at all times (fig. 18).
?k~ mean temperature of the initial high-temperature period was
,Tl.‘°c and the da#ly food-consumption 5.6 halfe-slices of herring;
+ mean temperature of the low-temperature period was 8,9°C,

the daily food-consumption 217 half-slices; the mean tempera=
‘ture of the final high-temperature period was 12,1°C and the
datly food-consumption 1.6 half-slices of herring. This fish

y also a mature male which explains the poor feeding in the

final high=-temperature period.

3

ié The weight of the fish at the beginning of the experiment
f 20.5 groms and the weight increments during the experiment
i; re:t- 61,0 per cent in the initdal high-temperature period,

4 per cent in the low-temperature period, and 12,2 per cent
the final high-temperature period. The length of the fish
the beginning of the experiment was 131 rm.; it increased in
leng h 21.4 per cent during the first two periods and 3.1 per
%@** during the final high-temperature period.

8

o
Scdle Results
fi' Seale samples were taken at the beginning of the experiment

_ the end of the low-temperature period, and at the end of the
experiment, The scdles at the beginning of the experiment showed

ligﬂbmpleto vears of growth and 3v4 ridges of summer growth with

e
)‘l

8 transference check at the edge of the scule. The additional

B
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wtt during the experiment consisted of about 9 ridges; about

first 3 formed during the initial high-temperature period

 f‘1de; the next 3 formed during the low-temperature period

Daily temperature and food-consumption in experiment W 10.

?@S (d) Experiment & 11

fish in this experiment was a 24 year-old parr from the
Hatchery. It was kept at a high temperature for 34 days,
serature for 35 days, and again at a high temperature

! days. At all times it waes given all it wished to eat.
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f5;in11y temperatures and food are plotted in fig., 19. For
’f“lnitial high~temperature piriod fhe mean temperature was
T “C and the daily food-consuiption 6.6 half-slices of herring;

:j'thc low-temperature period the mean temperature was 9.0°C

- i

d the food-consumption 4.1 half-slices of herring per day; and

r the final high~temperature period the mean temperature was

5

fﬁ’* and the food-consumption 3.2 half-slices of herring per
'} The fish was a male but immature, The feeding during the
181 high-temperature period is somewhat better than that

in the mature males (¥ 9, W 10, and % 12) under similar
ndi tions.
" The weight of the fish at the beginning of the experiment

8 20,5 grams, The weight increments in the verious temperature

)]

-T?"l were: 73.2 per cent in the initial high-temperature
i;l‘. 36.6 per cent in the low-temperature period, and 24,0
F cent in the final high-temperature period. The length at

:fbogtnning of the experiment was 130 mm. and the increase

?i mgth wos 42,3 per cent during the full time of the experiment.

nesulis.

,ﬁ: Samples of scales were taken from this fish only at the
‘ }\ .

ng and at the end of the experiment., Frevious to the

nt the scales showed 2 complete years of growth plus
.;
# 4 ridges of summer growth with a transference check at the

\ﬂ\cf the scale. The growth during the experiment conpsisted
‘about 12 ridges. The first 3-4 ridges formed during the

:i} 1 hipgh-temperature period were quite wide. The next 3
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dgoa formed dufing thc low-tanperaturc period were only siightly
rower. The last 5 or 6 ridges formed during the final high-

—g‘lnpcrntnro period were much narrower especially near the edge.

. 19, Daily temperature and food-consumption in experiment W 11,

(e) Experiment W 12

4 The fish in this experiment was a 21 year-old parr from the
i, John Hatchery. For the first 34 days it was kept &t a high
ey rature, for the following 35 days it was shifted to a low
w?'-:rdturo. and for the final 47 days it was again kept at a

1 tempe ature. 1t was well=fed at all times, The food and
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1:.17 temperatures are plotted in fig. 20. For the initial
f-¢h~tenporature period the mean temperature was 11,69C and the
5511; food-consumption 8,0 half-slices of herring; during the

' temperature period the mesn temperature waa-9.1°C and the
 &£11 food-consumption 2.2 halfe-slices of herring; and for the

f nel high-temperature period t%c mean temperature was 12,19C
the m&an food=-consumption 1,8 half-slices of herring per

day. The fish was a mature male and again the feed;nglia not as
‘ d as it should be during the final high-temperature periodl
The weight at the beginning of the experiment was 27.5
:,_'.. and the weight increments were: 56.4 per cent in the initial
T”uotcmporaturn period, and 20.9 per cent in the low-temperature
seriod, and 12.5 per cent in the final high-temperature period.

' length at the beginning of the experiment was 142 mm. 1t
{-rcnled in length 17.6 per cent during the first two periods

::12.4 per cent during the final high-temperature period.

} Results,

Scales were removed from this fish on three different

3 sions, at the beginning of the experiment, at the end of
low-temperature period, and at the end of the experiment,

Bvious to the experiment the scales showed two complete years
;'r"th plus about 4 ridges of summer growth and a transference

ek at the edge of the scale, The additional growth during
ijlupcrimsnt consisted of about 4 wide ridges during the
L” high-temperature period, about 3 slightly narrower ridges

ng the low-temperature period, and 2-3 very narrow ridges
the final high-temperature period,
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+ 20, Daily temperature =nd food=-consumption in experiﬁant W 12,

(f) Experiment F 4

| The purpose of this experiment was to see what effect a

: 'cn decrease in temperature would have oh the growth of the
ales; The history of the fish previous to the experiment is
'i¢tb11¢ws. On May 20, 1936, it was transferred from the St. John
: : to St. Andrews as a 2+ year-old smolt, On June 5, 1936,
"gtll transferred from fresh water to a large salf water tank

1jihc laboratory basement where it remained until the beginning

;}iha experiment.
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The experiment was conducted in salt water and commenced
p June 19, 1936. During the first 46 days the temperature

88 raised gradually from around 119to over 160, On August

';thn temperature was lowered suddenly to a little over 12°

:;-kcrt,at that temperature until September 4, a total of

A;ﬁayn. The fish was then shifted back suddenly to the

TgQ_tcnpcraturo for the succeeding 19 days. The experiment
ed on September 23, The length of the experiment was 96

‘iﬂ and during this time the fish was fed.all it could eat.

h, Tem erature and Food
Lengths and weights were taken only at the beginning and
lctton of the expcriment. The length on June 19 was 199 mm,
_l,cn September 23 it wns 259 mm., an increase of 30.2 per cent.
7  ¢ht it increased from 77 grams on June 19 to 190,5 grams
Juwtcnbor 23, i.e. 147.4 per cent. The daily food and
" tures are plotted in fig. 21, and the mean daily food
:ﬁtlnpqraturo for each of éhe temperature periods are given
 ;ilb1o 4. During the initial high temperature period the
mperature increased steadily from 11°to over 17° while the
'T'consumption showed & similar increase from around 5 slices
%awmriug per day to 21 slices ﬁe: day. The average for the
}lai wes 14,1° and the average food=consumption wrs 10.4
’ per da;. During the next period the temperature remained
y Tow around a mean of 12,4° while the food=consumption
a sudden dr;p followéd by a gradual decrease with a mean

' 8.1 slices for the period, During the final period the
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serature was uniformly high around a mean of 16.3° while
food-consumption showed only a slight increase corresponding
0 the increase in temperature followed by » gradual decrease
A.gh a mean of only 3.0 slices per day for the period. Although
¢ temperatures were practically the same in the initial and
wi3 1 periods, the food-consumption was considerably les§ in
final period and it looks as if the sudden changes in
perature have adversely affected feeding. IHowever, the fish

not in good condition at the end of the experiment.

able 4, Food Consumption and Temperature of lxperimental
4 a P ds im . |

3t
bl

High Low High
Temp. Temp. Tenp.

hﬁ:crinental
_conditions

‘f&~th of June 19-Aug.4 Aug.d4d =~ Sept.4 Sept.d~Sept.23
Feriods 46 days 31 days 19 days

lean Daily 14,2 12.4 16.3

Wil e

ean Dailg 10.4 8.1 3,0

e Results
Scale samples were removed from the fish at the beginning of

experiment on June 19 and at the end of the experimént on

ar

fff!!ber 23, The scales removed at the beginning of the experi-

-

had a very definite check about 1 or 2 ridges from the edge

f the scale. Tuis check consists of 2 or 3 very narrow, dis=-

yntinuous ridges which were laid down after the fish was

¥
X
s
i
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sferred from St. Joﬁz to St. Andrews on Kay 20. This trans-

!a.n check could easily be located on the scales removed at

} end of the experiment and the new growth thereby determined

é»g; 22). There were about 16 ridges formed on the scale

" ng the course of the experiment, The first 7 or 8 ridges

wider than any of the others =nd correspond to the high

f perature period from June 19 to August 4 when the feeding

good. During the low temperature period from August 4 to
?f»tcnhcr 4 the feeding decreased considerably and only 3 or 4

ow ridges wari fdrmed on thevscalco These ridges are narrower
1 either the preceding or following ridges and extend down
. sidew of the scale. From this temperature check to the edge

' the scale there are 5 or 6 fairly wide ridges representing
A scale growth during the high tenperature pcr;od from Septem=~
4 to September 23. These ridges are wider than the ridges

d during the low temperature period but not ss wide as

e formed during the initial high temperature period.

Fig. 21, Daily temperature and food-consumption in experiment § 4.



ig. 22. Experiment F 4; scale showing effect of temper-ture

on growthy TC - transference checkj HT - high temperaturg
LT - low temperature. X 18,

(g) Experiment w 1.

A §+ycar-old parr was used in this experiment. The tempera-
?{j was varied and the fish was well-fed at all times (fig., 23)
{i;tho first 36 days from June 15 to July 20 the temperature
 :5E¢pt low, the mean being 7.7°C; the mean food=consumption
Zi%@hi! period was 4,6 half-slices of herring per day, During

‘ xtbllowing 35 days from July 21 to Augusf 24 the temperature
11‘i1¢h. the mean being 14.o°c; the feeding aecordingly

AR ased to 7.9 half-slices of herring per day., Jduring the
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‘jj 1 47 days the temperature was again low, the mean being
'%i°0; and during this period the feeding decreased to 2.4
i'fhﬂliﬂtl per day;

{? The weight on June 17 was 25,0 grams., The weight increment
ﬁ;-tng the initial low temperature period was 42 per cent,
;;»in; the high temperature period 62 per cent, and during the
i 1 low temperamture period only 24,3 per cent. The lengih
lg the beginning of the experiment on June 15 was 140 mm, and
” the end of the experiment on October 10 was 191 mm., re=-
':;louting an increase of 36.4 per'cent'during the full time

f the experiment. The sex of the fish wes female, immature.

REeaULLis .

’ The scales removed at the beginning of the experiment
;;»‘d 2 complete years of growth:gbllowed by 3 ridges of summer

T with » transference check (Sﬁ. John to St. Andrews, lay 20)
;[ihs édga of the scale. Fig. 24 represents a scale removed at

. end of the experiment showing this transference check and the
_ equent growth of the scale dﬁring each of the low and high.
1}» rature periods. During the initial low-temperature period
were 4 ridges formed on the scale, the first two being
ATTOW, the third and fourth very wide. The next five ridges
'flclpond with the high~temperature period, the first two being
]fi, wide and the next three fairly narrow. Apparently the
were laid down during the first two weekse of the high
ture period when the feeding w-s greatest and the latter

the last three weeks of this period when the feeding
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ttllincd rapidly., The last three ridges on the scale are fairly
SGAQ and correspond with the final low temperature period.

In this instance then the widest ridges were'laid down

}f} ng the low temperature (around 8°C) and the narrowest ridges
i4ing the high temperature (around 159C). Although the differ-
. between the widths of the ridges was not very great it

show that a check may be formed on the scale if the feeding
not increase proportionately with the increase in tempera-
f? ¢ The onlj reason that can be suggested for the decline in
:é’ing during the high temperature is that the temperature

?3 too high, i.e. the temperature was above the optimum

peding temperagure.

23, Daily temper=ture and food-consumption in experiment W 1.
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i;ll¢ Experiment W 13 scale showing effect of temperature
on growth; TC - transference check; LT -« low temperature;

HT -~ high temperature. X 21,

(h) Experiment W 2,

“?‘hﬂ fish used in this experiment was a 2+ year-old parr

;&‘ from the St. John Hatchery lMay 20, 1936. The temperature

;a ed and the fish well-fed throughout the experiment (fig. 25)
first 35 days from June 15 to July 20 the fish was kept i
‘low temperature, the mesn temperature being 7.,6°C =nd the

r food-consumption 3,0 half-slices of herring per day; during
,;glovina 356 days (July 21 - August 24) the fish was kept at
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?;‘fcr temperature the mean being 14,20C and the food-consuup=
ii increased slightly to 4;6 half—slicea per day; during the
nal 47 days of the experimént (August 25 - October 10) the
: ,11‘ shifted back to a low temperature, this time the mean
%é;» ture being 9.1°C and the mean food consumption doéreasing
1%{5 half-slices per day, i.e. a quarter of a slice a day

ch is a very small amount. The fish was a male parr and

'!gt_'hioh perhaps is partly responsible for such poor feeding
ing the last period.

e

. The weight of the fish at the beginning of the experiment
: 17 wes 23,0 grams, The weight increments for the various
were: initial lowe-temperature period, 28.3 per cent; high

ﬁb'»ture period, 59.3 per cent; and the final low~temperature
i = 211 per cent, fhe length of the fish on June 15 was
%( During the first two periods, namely initial low=
%Eé‘tnrc and high-tenperature, it increased in length 18,7

ff_ht and during the final low-temperature period the increase

‘2.5 per cent.

HRESULLTe

{‘ r

LL-«lcn were removed at the beginning of the experiment, at
end of the high temperature period, and at the end of the

;fe‘-t. The scales removed at the beginning of the experiment
ffﬁi complete years of growth and about 4 ridges of current
”t;;rawth with a‘transforence check »t the edge (transferred

John to St, Andrews lay 20, 1936,) The scales removed
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g RS T

i& the end of the high-temperature period and at the end of the
;gscrincnt were practically similar, They showed 7-8 ridges of
h formed during the experiment; the first ridge formed part
J‘ the transference check, the second ridge was fairly narrow,

‘ the remaining ridgo-.vcrc fairly wide, the widths being

 ;1$0 uniform except the last ridge was narrower than the others.
fhat is the widths of the ridges were practically the same

'irtng the initial low and high-temperature periods and possibly
'  ridges were formed during the final low=-penperature period.

25, Daily temperature and food~consumption in exporimantrw 2.
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(i) Experiment W 3

In this experiment s 24 year-old parr from the St. John

. Hatchery was fed all it wished to eat at a1l times but the

»f?temperature was varied (fig. 26). During the initial low-tempera-

During the final low-temperature period (47 days) the mean

Qt'npcraturo was 9.3°C and the food~-consumption only 0.5 half-slices
o &

*?-Cr day. Here also the feeding was very poor in the last period

ichawcraturo period, - 5.3 per ceet. The length of the fish on

B

'jjﬁno 15 was 137 mm, and the increase during the full time of the

Scales wefc removed at the beginping and at the end of the
.éiupcrlmant. Scales at the beginning of the experiment had 2
;?lUIploto years of growth and afout 4 ridges of current summer
;fi!thh with a transference check at the edge, i.e. trensference

check from St. John to 3t. Andrews on May 20, 1936. At the end

L
*
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?ﬂ’gca were somewhat narrower, the ridge at the edge of the scale
:} ng the narrowest. So the ridges laid down during the initiel
temperature poriod.woro slightly wider than the ridges laid

_ during the high.temperature period, the last narrow ridge

at the edge of the scale possibly being laid down during the final

temperature period.

26, Da ly temperature and food-consumption in experiment W 8.
(j) Experiment W 4

';v The fish in this experiment was subjected to low and high
ié'“ tures but was well-fed at‘all times., The daily temperature
zg!bod are plotted in fig. 27, During the initial low-tempera=-
- period {35 days) the mean temperature was 7.9°C and the
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;ﬁiamln food-consumption 5.4 half-slices of herring per day; in the

”i':ucceeding high-temperature period (35 days) the mean temperature

%
.

fﬁival 14,2°9C and the mean. food-consumption 5.3 half-slices of

-

herring per day; and in the final low-temperature period (47 days)

%

ﬁitho mean temperature was 9.3%C and the mesn food-consumption 0.6

o
A
b

. half-slices per day. The sex was male and matures

‘ﬁ: The weight on June 17 was 34,0 grams. The weight increments
E{th ag follows:~ initial low-temperature period, 33.8 per cent;
“éﬁigh-tomporaturo period, 42.9 per centj =nd in the final low=
l;hﬂnporaturo period, =2.3 per cent. The length on June 15 was
13168 mm., It increaséd in length 16.9 per cent during the firet

ijo periods and 1,7 per cent in the final low=-temperature period.

k
i

Results.

v Seales were removed at the beginning of the experiment, at
"the end of the high-temperature period, and at the end of the
fﬁzw riment. At the beginning of the experiment the scales showed
!;jcompleto years of growth followed by 3~4 suumer ridges with a
i;l-nlterencc check at the edge of the scule. The scales at the
-j'» of the high-temperature period showed an additional growth

I ab ut 7 ridges, the widths being fakrly uniform. 7The first
ridge next the transference check was narrower than the others

the last two ridges (especially the last) slightly narrower

the preceding ridges, There were no ridges formed during

(3

fif final low-temperature period for the scales removed at the

ff' of the experiment were prdctically the same as those removed
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at the end of the high-temperature period. To sum up then, it
‘might be said there was little or no change in the width of the
es in shifting the fish from the low to the high temperature.

g« 27, Daily temperature and food-consumption in exgar#nnnt W 4.
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(k) Experiment ¥ 8

3
f;!ho idea of this experiment was to find out the effect of
v;:fcn increase in temperature on the growth of the scale, The
'm'i 1 consisted of a 2+year-old smolt transferred from the

ihn Hatchery on May 20, 1936, It was retained in fresh

er until June 5 when it was transferred to a. salt water tank in
C%W gsement of the laboratory to rid it of fungus. The change
Eﬂtrclh water to salt water was sudden but the fish showed no

?1 of discomfort supposedly because it was a smolt, It was

i?tn this tank until the beginning of the experiment. The

?; ent was started on June 19, 1936 and ended October 6, 1936
ptal of 109 days and during the whole of this time the fish

R lowed all it wished to eat. The temperature, however, was
led. During the initial 46 days from June 19 to August 4

%;' perature was low; during the succeeding 31 days from

‘;t 4 to September 4 the temperature was high; and during the

Tj 32 days from September 4 to October 6 the temperature was

-

ain,

perature and Food.

;;iincc difficulty had been experienced previously in keeping
ﬁf‘livc in salt water when hahdled too frequently, we refrained
measuring or weighing the fish during the progress of the
ient, Accordingly, only the growth for the full time of

periment can be given. The fish increased in length from

on June 19 to 301 mm. on October 6, a length increment
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:5> mm. or 36.8 per cent. The weight increased from 95.5 grams
L~ 19 to 270.,5 grams on October 6, a weight inecrement of
fll’lﬂl or 185,2 per cent, The growth, therefore, wans quite
;:‘derablo.

i; The food consisted of whole slices of he'ring; the food

psumption per day and the daily temperatures are plotted in

B
.!

o 28. As will be scen the effect of temperature on feeding
‘quite marked. During the initial period both temperature
iﬂtbod-conqumption were increasing quite regularly.

LJ!lxinnm feeding occurred og,Auguat 4, the first day of the

";3tcnperaturc period, when the temperature was 13,8°C.
e

S .

the remainder of this period the temperature was between
| 18° and the feeding steadily decreased. When the fish |
!&aiftgd Yaok t0 the low temperature, the food consumption
};nﬂ irmediately to a le el below either of the previous
fﬁ!ovols. The food curve then fodllows fairly reg larly the
{H  of the temperature curve as it had done during the initisl
;?l-pcratnre period,

;“ The mean daily temperature for each of the exyerimental

.
X

perature periods is given in table 5. together with the mean
L1y food-consumption for these periods. The mean daiiy
i;r-ture- for the initial and final low-temperature periods
F?)practically the same, nanmely 11.7°'an§ 11,9° respectively.
iillpcraturo for the high-temperature period was =about 5

¢ s higher, namely 16.5%°, The food consumed in this period

} 12,4 slices of herring per da, while in the initial low-

&
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ture period it was 11,0 and in the final low=-temperature
it was 5.0 slices per day. Thus we see that the food~
motion varied with the temperature but not always in the

.

me proportion since the temperatures in the initial snd fiaal
were practically the same but the food-consumption was -

lnrtbly higher in the initial (11.0) than in the final

1(540).

1”; 5. Consumption and Temperature of lxperimental

Temperature periods in Experiment ¥ 8.

ntal Low temp. : High Low

;”*iton- Temp. o
gth of June 19-Aug. 4 Augs 4-Septsd  Sept.4-Oct.6
od 46 deys 31 days 32 days
11.0 1244 840

i& the beginning of the experiment on June 19, 1936, a

le of scales was removed from the left side of the fish ncar
; ; sal fin and at the end of the experiment on October 6, 1936
Uf 1lr sample of scales wag removed from the right side. The

3f at the beginning of the experiment showed two winter checks
f-l ridges of growth for the current year. Of the latter,
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itlrlt 3=4 ridges were wide, the next 3 were narrow and 1

s
i

at the edge of the scale was wide. The 3 narrow ridges

;_’e'c from St. John to St. Andrews, Fig. 29. represents a
%{ removed at the end of the experiment showing the additional
" h during the experiment. There were 9 very wide tidges
down in the initial low-temperature period and 10 narrower
of ayproximately uniform width laid down in the two

ng high and low temperature periods tojether. The last.
?&', how8ver, w:e narrower than the preceding ridges and the
f:.two ridges at the edge of the scale were disconnected. The
L?Q of the ridges is evidently quite dependent on iho relation
feeding and temperature, In the initial low-temperature
'fsﬂ,thc ridges were wide because the feeding w-s good and ine
d with the rising temporaiure. ¥hen shifted tokthe hiéh
ture the feeding started to drop off because the'tcmp.rd--
'5 was too high and consequently narrower ridges were formcd.
period, When shifted back to the low temperature the
f?ﬁg dropped off accordingly and the ridges formed were still
” and approximately the same width as those of the highe
ture period,

the transference check caused by the transferring of the fish on
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28, Daily temperature and food-consumption in experiment ¥ 8.

29, Experiment F 8; scale showing effect of temperature on
growth; TC - transference check; LT - low temperature;

e . T I

HT - hism | mperature’X 18,
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;i.!!P.rznents at Various Temperatures and with Various Amounts

- of Food.

(a) Bxperiments A 5=6 B 5-6

3 On September 6, 1934, a supply of fry was received at St.
Andrews from the Florenceville Hatchery. On October 15, 1934,
i; 200 of these fry of approximately the same gize wére selected
:g-tbr'the experiments, 50 fish being used in each experiment,
?'.!ho experimental conditions were as follows: A 5 and A 6 were
1 kept at/;aw temperature, A 5 being ration-fed and A 6 being
well-fed; B 5 and B 6 were kept at a high temperature, B 5 beig
?ation-fed and B 6 well-fed. The experiments were carried out
at McNichol's springe The spring issuing from the side of a
i? hill was well shaded by trees. This provided a steady, low
}ﬁrtlmporature and a higher temperature was procured by holding
’i this water back in a number of troughs exposed to the sun. The
:;‘filh in all the experiments, however, were shaded from the sun,
:;-During the winter months (from December 10, 1934 to kay 18, 1935)
fg'all the troughs were shifted as close 28 possible to the spring
li and 2 temporary house built around the entire set-up. Duiing
the winter the temperature of the water next the spring was
slightey higher so fish B 5 and B 6 were kept in that position.
The mean seasonal temperatures for each of the experiments
\j‘lro given in table 6. A 5 and A 6 were at practically the same
t: temperature throughout and the same may be said for B 5 and B 6.

In the fall season the mean temperature was the same for A 5-6
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‘and B 5-6, nemely 8,1°C, During the winter season the mean

B 5-6 was 6.3°C and about half a degree lower for A 5-6.
’%éu the surmer season there was a greater difference between the
‘ialnpcraturol of the two sets of éxperiments, 9.4° for A 5-6

and 12,3 for B 5-6, It should be mentioned in this connection
that it was found impossible to record the temperatures every

during the course of these experiments so the above tempera-

o es merely indicate the change rather than show the actual

- differmnce in temperature.

iﬁhblc 6. lean seasonal temperatures (°C) in experiments A 5-6

B 5«6,
ih:} : ﬁ!nfa; Bumma;’ Lxperimental
Oet.18/34 Deec.10/ 34 lay 18/35 iti
Dec.10/34 Vay 18/35 Septe.27/35 M cnic
ol —
8.1 5.6 9.4 Low t'mp"
ration=fed
8.1 5¢® 9.4 Low temp.}
well=fed
8.1 63 12,3 “High temp.}
ration-fed
8.2 6.3 12,3 High tempes
well=fed,

3 The food consisted of either beef liver along or a mixture
?'Ot beef liver, lactalbumin, dréeéd buttermilk snd salmon egg meal,
:ﬂihn liver formed about half the mixture while equal parts of the
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r substances were mixed with it, The liver mixture was

{ﬁmad only for a month or so in the fall, The fish were fed

ii” ee a day in the fall but only once a day during the rest
f¥§t the experiment,

:ji The amount of liver fed to or eaten by the fish was not
:Qﬁutdhod so the only record of feeding is whether the fish were
?ﬁp.in feeding or not, The feeding in all of these experiments
?flll certainly retarded during the winter months for fish were
;Eacun feeding only occasionally. The temperatures were the
f;l.vcut in February and March, being around 5.,0° in A 5, 5,8°

A 6, and 6,° in B 5 and B 6, Better feeding was noticed in
,11 which is esssociated with only a slight increase in tempera-
_itarc of about half a degree. In May and the follewing gummer
iﬁ!zaths the feeding improved rapidly.

; The fish were wkighed alive in water at approximately
1ig.nth1y intervals with the exception of four months during the
ei nter., The mean welghtsas well as the percentage increase
 per month for each lot of fish are given in table 7. The mean
{i"ldh‘l were élmolt exactly the same at the beginning of the
iécmpqrimant. namely 1.4 grams. In each experiment there was a
Egllidht loss in weight during the first month which might readily
Q}i@ expected in the ration=fed fish but in the well-fed fish it
;{iltllnd strange for a1l the fish seemed to be feeding all right.
Eillounvcr. it is likely due to the decreasing temperature at this
lftinl. During the five winter months from November 15, 1934 to
? !§:11 25. 1935 all the fish increased in weight even though
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the tempersture was as low as 5 and 6°C. liost of this weight
~* waes no doubt put on during Mareh and April when the fish were

s

’ohcervcd foeding more frequently.

At the end of April A 6, B 5 and B 6 had the same weight,
24,0 grams, while A 5 weighed slightly less, 1.7 grams, During
?;thc winter months there was not enough difference in the tc@pcraa
E}turon to have much effeet on growth, In May and the following

. summer months the effect of food and temperature is quite marked.
ié!hcre was a steady increase in weight in all the experiments,

éi) 6 at the high temperature and well-fed showed the best growth
¥fduring the summer months inereasing from 2,0 grams at the end of.
April to 11.6 grams at the end of September., The next best growth
f}uns shown by A 6 at a low temperature and well-fed with an increase
;Ffrom 2,0 grams to 8.5 grams. Growth was considerably poorer 1n
B5and A5 which were both ration~fed. There was slightly bettor
;3¢rowth in B § at the high temperature, from 2,0 grams at the end
"0f April to 5.5 grams at the end of September, Wiile A 5 st the |
%lol temperature increased from 1.7 to 4.6 grams. In the latter
;}ﬁllc the slight difference in weight cannot be said 1o be due

L temperature for the food was not weighed exactly.

In the well-fed experiments A 6 (low temperature) and B 6
f.hish temperature) the percentale increases in weight during oaoh
.?Of the summer months show the maximum incresse to be in the month
iﬁ f June and not in August when the temperature wes highest. In
i. 6 the temperature in June was around 9°C, the inerease in weight
f"l.? per cent while in August the temperature was 12-18%C and the

ght increase 33.3 per cent. In A 6 the temperature in June was



f‘ 8%°C and the weight increase 46.4 per cent while in August

perature was 9-11°C and the weight increase 41,2 per cent.

‘:-l. Mean VWeights (grams) and Monthly Weight Increments

for Experiments A 5«6 B 5«6,

Low Temperature High Temperature

ratf08~fed Welf;ged ratigngfed wollgfgd

Ff(@/ Keéan weight Kean Weight Mean Weight Mean Weight
. Weight Increment Weight Increml Veight increm.Weight Iner,

grams % grams /o grams % grams

'iﬂa 1.4 1.3 1.4 1.4

x 1.2  =14,3 1.2 *TeT 183  #%l 1.3 . 7.1
1.7 2,0 2,0 2.0
2.1 23.5 2.8 40,0 2.6 30.0 3.0 50.0
2,6 = 19,0 4.1 46.4 2.9 11.5 4.7 5647
3.3 32,0  B.1 24,4 3,8 31,0 7.2  53.2
4.3 30,3 742 41,2 5.1 34,2 9.6 | 33.3
4.6 740 8.5  18.1 5,5 7.8 11,6  20.8

i

At the beginning of these experiments a control sample of 20

d & mean weight of 1.5 grams and a mean length of 51, mm. to

i

dd=fork of the tail. The mean weights and lengths at the

ffyun et\thc experiments on September 27 are given in table 8.
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v?;!iih,'lre killed in formalin and immediately weighed and

f‘ The best growth (both length and weight) was obtained
f&l 6 at a high teuperature and well-fed; the next best in A 6.
::a low temperature end well-fed; considerably poorer growth in
at & high temperature and ration-fed; and the poorest growth
:ihll in A § at a low temperature and ration-fed. There is a
- ficant difference in length or weight between any of the
riments except A 5 and B 5. That is in these ration-fed fish
e was no significant difirerence between the effect of a high
?710w temperature on growth. The test of significance used in
—r, e cases wes that the difference between the means must be
reater than twice the square root of the sum of the squares of
¥} standard errors of the means. At both high and low Lempera=-
e unlimited feeding produced better growth than ration-fedd-
and there was a greater difference at the high temperature.
i;ﬁidh temperature produced better growth than 2 low temperature
then the fish were wel l-fed but no significant difference when
ration=fed,

; The standard errors of the means show the extent of variation
;T'thc length and weights under the different &emperature and

r»_ conditions. -The high temperature produced a greater Qurin-
}fétn in lcngth. and weighte than the low temperature whether the
fish were well=fed or ration-fed. The unlimited feeding produced
,Eftrcntor variation in lengths and weights than the ration feeding
'j? both the low and high temperaturea (one exception in the

' hts at the low temperature where ration-fed fish, A 5, showed
gre ter variation than well-fed fish, A 6). It is easy to see
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Ei&iﬁat an unlimited food supply would produce a greater variation
;iia sizes of fish than a limited supply of food. But a high

?5 temperature prodﬁcihg a greater variation than a low temperature
?g is perhaps not so obvious. It must, though, be due to the
;’f.,’,tacruud activity of the fish ot the high temperature. Under

. metural conditions in the streams there is always a competition
f?~for foed. The parr occupy certain areas and cautiousl} guard
;;'QRCIO feeding places against intrudersg VWhen crowded toéother

2  in experimental troughs they could not be observed to occupy

?: any definite positions but were often seen darting at each other,
L; Naturally the more active fish will intimidate the others even

f; though they may do no bodily harm. Some of the ration~fed fish
%é (B 5) had worm fins so they were matched e xpressly to see what
é‘una happening. They were observed biting a2t each others fine

f{ and bodies, and piéking up bits of debris on the bottom of the

. trough and spitting it out againl A few experiments wére
;§ lt$cmpted with only three fish to a trough but this was found
%}>1mpracticable because of the fighting resulting in actual injuries
%}to the fish. With a larger number of fish they are not usually

,giinaured.

.
. -

,ﬁ‘!ablc 8., Mean weights and lengthse in Experiments A 5-6, B 56-6,

rf,!xporimsntal Exper't llean Weight llean Length

- eonditions No. groms (mid=forik) mm,
B

~ Low Temp.s AB 4,45 » .25 75.08 - 1,42

- ration-fed R '
 Low Temp.;

~ well-fed A6 8426 » .18 91.12 - 1.84 |
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::{flo 8 (continued)

Experimental Exper't Kean Weight lean Length
4 conditions Ho. grams (mid=fork) mm.

B 5 5038 - 4 050 78003 2.‘0

+1

h Temp. B 6 11.60 7 1.12 99,20 5 3,01

The sexes were quite evenly distributed in the four lots
Hi;ttah. The percentakes of females in the various experiments
e:- A 5, 54.8; A 6, 60,03 B 5, 60,03 B 6, 50.0, Of all the

; le fish only one was found to be mature. Whﬁn the fish were
ff;ncd to determine the sex the amount of fat on the viscera was
‘fltod. The ration-fed fish ( A 5 and B 5) had very little fat,
'i  the well=fed fish A 6 at the low temperature were guite fat
jgatlo B 6 at the high temperature were very fat.

(b) Experiments A 1-2, B 1-2

1 The fish in these expcriments were obtained as fry. from the
-; « John Hatchery on Julg 11, 1933. The experiments were started
on June 8, 1935, and lasted until September 24, a period of 108
q y8e The fish at this time were 2+year-old parr. Two of the

8h were kept at a low temperature, ne (A 1) being ration-fed

d the other (A 2) w&ll-fed. Two other fish were kept at a
‘7ithcr temperature and similarly one (B 1) was ration-fed and -

other (B 2) well-fed.
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i The mean tempersture and daily food=-consuumption for each
?;f the fish ere given in table 9. The mean temperature for both
ii 1l and 4 2 was 8.8°C and the high temperatures were 12.1°C for
and 12,09C for B 2. A 1 at the low temperature and B 1 at

e high temperature were fed only 2 halfeslices of herring per
A 2 at the low temperature and B 2 at the high temperature
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