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1.11A0D7S,TI(-)N  

At the beginning of the present century Hoffbauer (1899) 

described how the nee of a carp might be determined from its 

sCales. This was a valuable contribution to fishery work and 

since his time considerable literature has accumulated on the 

subject. No attempt will, be made here to discuss the literature 

on the use of the scales of fishes in age and growth determina-

tions since excellent reviews have been presented by Lee (1920), 

Graham (1928) and Van Oosten (1929). In the case of the Atlantic 

salmon, however, Johnston (1905) was the first to show that the 

scales recorded the age of the fish. He examined the scales of 

hatchery fish and found the knowraage and the age RS read from 

the scales in perfect agreement. By tagging smelts in 1905 and 

studying the scales st subsequent recapture Jo nston (1906,. 07, 08) 

further deeonstrated that the number of ;ears spent in the sea 

is recorded on the scales. Since these investigations it has 

been generally accepted that the ages of saleeon cen be interpreted 

from the scales. The scale nethod he been used extensively on 

salmon in Inglish and Scottish rivers; it he els° been applied 

to salmon on this side of the Atlantic. 

Little or no mention has been made in salmon literature of 

any difficulty in distinguishingannual from accessory checks 

or the factors involved in the formation, of either. During 

investigations of salmon from the siramichi and jt. John rivers, 

New Brunswick, some doubt was entertained as to the interpretation 

of some of the checks especially in the fe6sh-water portion of 



the scale. IUthermore examination of the scales of salmon 

ret ained for 2f years in the 	John hatchery revealed the 

pre Bence of checks of doubtful interpretation. Gray and Setna 

(19 31) have found that Salmo irideus fed with abundant food 

form on a proportion of their snales abnormally wide rings even 

dur ing the winter .Honths; the variations in temperature were 

from 13.30  in July to 5.1 °C in February. On the other hand 

Cutler (1918) concluded from experiments on Plaice and Flounders 

that the winter and su3. -r bands of the scale are produced by 

tem- Derature changes only, and that the amount of food wnicla the 

fish consumes does not affect the production of surimer and winter 

ban( Is. iAle to the absence of any such knowledge concerning the 

growth of salmon scales, exp(Timents were designed to determine 

the effect of food, temperature and other factors on the growth 

of the scales, and the relation between scale and body growth 

under different temperature and food conditions. 	articular 

attention hi 3 been paid to the different types of chedks 

duced on the sc1711e by changes in environmental conditions to 

see to what extent they can be distinguished fror the annual 

the ke. 

-11 



-3. 

%TERIAL ALD THUDS 

iractically ell of the fish were obtained from hetcheries. 

Salmon fry were received from the St. Jo n hntchery but were not 

11 1 
 3ed in any of the experiments until they were 1 4 24 year- 

Ld parr. Pry were niso brought from theenorenceville Hatchery 

in the fall of 1934 and used immedintely in some of the eeperi-

mente. Tarr and a'iolts ( 2+. year- old) were transferred from 

the St. John Hatchery in the sprink; of 1936 and ueed that su:Imer 

i r some of the cxperimentn. 	, utside of these hatchery sources 

t le meterinl consisted of only two smolte from the Miramichi 

River and one grilse from :it. John Harour. 

The experimental troughs were made of wood and were coated 

with Braco, an asphalt reixture, on the inside. The inside 

di mensions of the tinughe were length 48", width 14", and depth 

5v .  The depth of the 'eater in each trough wee enly 5" making 

a total volume of 3360 cubic inchea or 12.1 imperial gallons. 

st of the experiments were carried out in 	 field 

about half a  ,  ile fror the Biological Stetion at St. Andrews. 

Th .e source of water wee a spring on the side of a hill, the 

tr oughs being arranged in a double row in the open field below 

e spring (fiL. 1-2). The troughs next the npring and the most 

di stant troughs were proteeted from the direct rays of the sun 

by tai-paper shades while some of the intervening troughs were 

le ft uncovered. In this way low teeperatures in the troughs 

ne xt the spring end higher tereratures in the moot distent troughs 

we re procured. ehen fish were carried over winter, the arrangement 

s reversed and all the trouhs crowded together near the spring 

1 
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fairly snug shack built over them. The salt water experi- 

(fig. 3) were carried out in the basement of the Station 

ource of water being the estuary of the t. Croix niver. 

is case the water was heated by means of rn oil jicket- 

r a d the low temperature was mainly that of the river water 

was cooled slightly b;; passing through a brine-cooler. 

The food of the fry consisted mainly of straight i)eef liver 

ccasionally a mixture of beef liver, lactelbunimi  dried 

rAlk and salmon egg meal. The parr and smolts were fed on 

A herring. Herring of sardine size (about 5" in length) 

cut into transverse slices rAbut Ve thick and weighing 

Kimately 1.gram. These whole slices were fed to the larLer 

and sraolts while the a3aller .i err were fed on half-slices. 

Upper section of experimental set-up.  at Leiiichol l s Spring. 
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Fl 2. Lower tection of experimental set-up at MeNicholls 4ring. 

Fig. 3. 	'17perirlentrl set-up in the bkoement of the Biological 

2, tat ion, ..;t. Andrews, 	.. 



-6- 

The lengths of the fish were measured in millimeters from 

the anterior end of the snout to the posterior end cf the iddle 

ray of the caudel fin. Lengths were also token to the tips of 

the caudal fin but in some cases theee tips eere sufficiently 

worn at the end of the experiment to render these measurements 

uselef s so they have not been used at ell in these experiments. 

 

Furthermore, such meesurements are not desirable where any de,ree 

of eccurecy is needed for they depend too much on the de ree to 

which the lobes of the caudal fin are srread. The fish were 

weighs, d. on e torsion balance and the weights meeeured to the 

nearer t half grnm. The fish were weighed alive in water by 

previo usly balancing bricks on one pan against container end 

water on the other pan. A round tin container (10" diameter, 

7" dep th) was used With a 3" flant,e at the top to prevent lose 

of wat er when the fish was dropped in to be weighed. 

I n every caee a sample of about 50 sceles was rerioved from 

the fi sh et the beginning and at the end of the experiment whible 

in som e epees a sample WPC also removed durinE the experiment; 

the la tter procedure was necessary in vcale-check experiments 

to dot ermine when the checks were formed. rcle semiles were 

taken nid -wny between the lateral lire and the dorsal fin either 

on the right or left eide of the fish end in line with the 

nnteri or or eosterior base of the dorsal fin. Some of the scales 

were m iunted in a glycerine waterglass rixture (5 to 6) but this 

was no very satisfactory because the waterglass crystallized and 

turned white first around the edee of the covergltss but in time 

under the coverglass also. 3 r this reason De Fnurets fluid 
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was tried and proved very satisfactory. The formula for this 

fluid is given by Guyer (197J6) in Animal !Aerology. The email 

ecales were examined and measured with a compound microscope - 

fitted with en ocular eicrometer while the large scales were 

meoeured with a Leitz-Edinger projector. 

Considerable difficulty wee encountered in handling the 

live fish to teke scele samlles and measurements. The first 

method attempted was to put the fish in a bag of cheeoecloth 

or marquisette (ho. 5) which had a round stick on each side at 

the open end of the bs; the cneesecioth was then roiled around 

these two eticke until the finh could be held firmly. The 

cheesecloth wns then cut near both ends of the fish so the kength 

could be measured end 'also near the dorsal fin so a sample of 

sceles could be taker. As will, be realized this is an awkward 

and tedious method as well ns subjecting the fish to Tether 

rough handling. The other method used was that of anaesthetizing 

the fish in an ether-we -ter solution r'nd this method rroved 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 or freedom of ;:iovement. A round 

container was used with a diameter of 13" and a de th of 14". The 

fish was then put in this container end a small quantity of ether 

added at intervals of about 5 minutes until the fish started to 

turn over on its side. It weuld swim around several minutes 

rorin L  from one side to the other and would shortly eettle to 

the bottom and remain motionless except for breathinu. It as 

then removed and the necessary operations performed. The time 



Length 
tgl• 

(1.16ht 
crems 

2eLip. 
°C 

_ether 
concen-
tration 

'e;eintion 

17:3 63.5 C.3 Jrth 

163 46.0 9.4 0.7 2renh 

189 71.0 0. ereeh 

189 74.0 10.6 0.8 
(ilieeed 	62') 

17e. 54.0 9.3 1.0 Airesh 

71.5 11.8 1.0 3 
(mixed 	37') 

h 
:ea 

W 4 

Time required 
for anaesthesia 

:sot even on sid 
in 45 .inutes 

lJoennesthesia 
in 52 minutee 

.a.11.1•1 

43 minw.es 

25 -inutes,40s 

19 A.n.45 see. 

3 rein. 45 sec. 

W.2 

8  

W 5 

** 3 

1 
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required in the anaesthe_ic before it could be handled readily 

wa between 20 and 30 iinutes. Nhen pladed back in fresh water 

again it would come out of the anaesthetic immediately. This 

method WRS considered better than placing the fien in e pre-

viously mixed solution of ether for there was no danger of it 

get tiny too much of the anaesthetic. 

A number of teste were conducted on the time required for 

ana esthetia in various concentrations. The test for aneestheeia 

to ace if the fish, when taken out of the seleition, would 

He on the hand for :0 seconds without tiny or 1..ch e,oveleent. 

Qu i to often the fish might gulp or eove its tail e little but 

the se were not eoneidered as any effert to eecape. The results 

ere elven in table 1. 

Tsb le 7. Time re-uired to ,.naesthetize Lalmon iarr in Various 

Cencentrations of .ther. 



W 12 	171 

10 164 

W 11 185 

W 9 151 

Table 1. (continued) 

	

dish Length .eight 	 ther 	1ution Time required 

	

i;rams 	'C 	concent— 	 for anaesthesia 
ration 

No. 	rim. 

58.5 15.7 1.0 

50.5 16.8 1.0 

65.e e.1 1.0 

50.0 9.6 1.0 

9. 1.0 

::resh 	17 min. 20 sec. 

12 	8 min. 40 nee. 
(mixed 45') 

Fresh 18 min. 20 sec. 

(mixed 48') 4 min. 20 sec. 

(mixed. 60') 5 :An. 

In each test the quantity, of water wee the same, naely 6 

litres, to which Tyr added 20, 40, 50 or GO cc. of ether. The 

0.3 per cent solution wes tl-ied on 	4 fish and although the fish 

turned over on its side several times it noon righted itself; 

even efter 45 minutes in the solution it w-s still swimming around 
1;ercent 

in this fashion. 	a 0.7/solution was tried on - 2 fish. 

It swam around on its side for some time and was left in the 

solution for 52 minutes but even then it could not be held out for 

20 seconds without movement. In the 0.8 per cent solution, 

however, 	8 fish was anaesthetized in 43 minutes, end in the same 

solution an tour later w 5 fish was anaesthetized in 26 LAnutes, 

the eiffel- ence in time, of course, being due to the fret that the 

ether was thorouchly dissolved when 	5 fish was rut in the 

solution. In the ).0 Fer cent solution the time required for 
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alines thesie by a 12, 04  11, 111(1 	3 fish was 17, 18, and 20 

rlinut es respectively. "v ,hen other fish were lut in these sr,Le 

solut ions 37 to 46 miutes liter tLe time required for anaes- 

th6sia vms only between 4 aud 0 Lmutes. The 1.0 per cent 

solut 

to us 

ion would, therefore, be the most wAitable concentration 

e on parr between 50 RA 79 grams in ve14,1Lt rid at - tem.* 

peratures from C to 16
oC. 



FOOD TELTERATURB hXkeiale.AliTS   

LxDerimente  in Varying the Food to roduce  Checks on the  Scales.  

(a) expeeiment 

The experiment was carried out on a 2+ yeef-old parr frole 

the 3t. John Hatchery. Iktring the first 48 days of the exeeriment 

the fish was ration fed, being elven either 1. or 2 hplf lices 

of herring each day. 5'or the Test 63 (lave of the experiment it 

was fed all it wished to et. The daily food and temperetures 

Are plotted in fir. 4. The dnily food coneumed during the 

rntion-fed period was 1.6 half-elicen of herrinij and the mean 

temperature was 12.20C. The tinily food consuleption in the eell-

fed period wee 5.1 helf-slicce of herring end the mean tempera-

ture was 12.60C. The sex of the fish %Fab female. 

The length of the fish on eune 16 wes 149 mm. The length 

increment during the ration-fed period wan 8.1 per cent and 

during the well-fed period 17.4 per cent. The weight on June 

17 was 32.5 e rams. The weight increments were 	ration-fed 

period, 16.9 per cent; ond we11-fed period 94.7 per cent. 

Scale 

eicales were removed nt the beginning of the experiment, 

at the end of the retion-fed period, and at the end of the 

experiment (fig. 5). 	cales removed nt the beginning of the 

experiment had 2 coeplete years of growth plus 4 or 5 ridges 

of suemer growth with a transference check at the edge or 1 

ridge from the edee. There were 5 ridges added to the scale 



duri ng the ration-fed period, the first two being narrow and the 

last 
	

someWhet wider. 1)urinv the e.11-fed period there were 

7 mo re ridges added to the scple. The first one was very close 

to t he last ridge of the ration-fed period, the last ridge being 

left incomplete when the fish was shifted from the ration-fed 

diet to a well-fed diet. The succeeding 4 ridges are somewhat 

wider than the ridges formed during the ration-fed period but 

the last 2 ridges are not quite so wide. In general then the 

ration-feeding produced slightly narrower ridges than unlimited 

feed ing and the sudden change froze one to the other left a check 

on the scale. The check appears o be formed by the suddenly 

increased growth rate initiating entirely new sc:)le growth in 

place of completing the forner ridges. 

4. 	 temperature and food-consumption in Experiment W 5. 



Fig. 5. ::xperiment 	5; scale showing effect of food 	growth; 

TC 	trnnoference check; NP - ration-fed; 	- well-fed. X 21 

(b) 7:xpertuent 3 3 

were 

rive 

June 

expe 

From June 3 to June C, 1934, a manber of nigreting smolts 

netted in the upper pert of the eiltuRry of7 the Liramichi 

r at Strwthadan. They were transfHrred to t. ndrews on 

Teter on during the r3ur,- .ner the fish used in this 

riment we transferred to szA.t water. The salinity was 

changed clowly but it v 	found later that this precaution was 

panes 2essary. The procedure fol)owed in this exr,eriment was to 

Live the fish very little to eat from :)eptember 27, 1934 to 

August 9, 1235, vtA to ive it all it wished to eat from August 9 

TI 



to liovei 
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lber 18. 'Si° attempt was made to control the temperature. 

Feediw and. .Teifserature. 

The daily temperature and food records are shown in fig. 6. 

The percentage weight increments are given in table 2 (also shown 

in fig. 6) for approximately monthly' periods, the periods con- 

siderably mere or less than a isonth being marked off from 

the others. The food consisted of shrimp from 3eptember 27 to 

December 20, 194; beef liver from December 21, 19:4 to July 8,  - 

1935; and whole slices of herring from Ssly D to Sovember 18. 

ine dail 

1011f cub 

observed 

to Isrs's 

occssion 

from ser 

however, 

observed 

increase 

betveen 

I ncrease 

July 9 t 

basal 7ie 

msde no 

herring 

y r'tiou of sarimp was .1 to 2 shrimp, of liver about a 

ic inch, and of hering 4 or 5 slices. The fish was 

to feed regularly at all times except from January 18 

15. During this time it was seen feeding only on two 

o. The lis,iting factor was the temperature which varied 

o to 1 deree centigrade. 	Nren at this temperature, 

the fish apparently did som feeding for excreta were 

in the trough, and from Sebruary.9 to ;Sarch 9 it 

d in veight 1.2 per cent. Shen the temperature was 

1 and 0 06 (;arch 16 to June 10) the monthly reis.ht 

El were between 2 snd 3 per cent. But from June 10 to 

he temperature rose frtss 	to 12 °6 and evidently the 

tabolism increased to such an extent that tie fish 

increase in .eight. Growth vs s somewhat better on a 

ration than on a liver ration for from July 	to August 9 

the welght increase was 14.3 per cent. A2ter August 9 the 

fish was sell-fed, the food consumption showed an upward trend 



-15- 

in spite of a fallini; tenperature, id the weight increased 

considerably. 

The length of the ration-fed period was 16 days and the 

N'ell-fed period 101 days. The incre in weight during the 

ration-fed period was only 49.5 per cent and during the weill-fed 

period 06.6 per cent. The length incree was 16.6 per cant in 

the ration-fed period Fqid 33.6 i;er cent in the well-fed period. 

Table 2• Iercentne 	Incronents t9 3) 

'er ode 	 , eiAit Increments 

Oct. 23 - Nov. :*3 
	

1.5 

Nov. 23/34 - 0/35 

Feb. 9 - -AT. 9 

ker. 9 - ir. 1 1  

Apr. 11 - Lay 6 

"ray 8 - Oune 10 

Arlo IC :hay 9 

uly • aug. 9 14.3 

/..0.1g. 9 - 4ug. 30 32.8 

Aug. 30 - Sept. 30 56.0 

-5.6 

1.2 

3.1 

2.6 

9ept. 3C - Nov. 1 

Nov. 1 - Nov. 18 
	

5.8 

Sdaleieeulto 

.cales were reoved from the fish at the beginning of the 

experiment, eptember 27, 1934; at the beginning of the well-fed 

period August 9, 1935; aLld at the end of the experiment hovember 
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18, 1935. By co:Lparinc there scales the amount of scrle 

Erowth during the xperiri,ent WRS determined. This is shown in 

Fig. 7, on a scale removed t the end of the experiment. 

alcoeeding the river growth there arc flout 19 ride ri:'os 

repress 

Then f( 

mting the summer growth of 1934 previous to :eptember 27. 

)1Jow ab ut 8 narrow ridges representing the grovi:h from 

September 27, 1934, to Auc,ust 9, 1035; i.e. during the rRtion-

fed period. This band of now ridges forms 	very definite 

check on the scale. ..4'om this check to the edge of the oale 

there pre 10 wide rides representing the growth durint,; the well- 

fed ,pertod from August 9 to -.Jovember id. 	I:ie of the ridges in 

this food check are incomplete wt the eidet while : iuite a number 

(,f them extead right down the sines of the zeple. The check as 

a whole r.semblos a sea winter check Rlnost 1:crfectly4 It differs- 

from a river winter check in the extent of trowth. 

lac. 6. jolly telLpLratLre ,und food-consumption in Lxperiment 3 3. 



Hato 

The 

The 

slic 

fed 

herr 

that 

4 he 

7. 'rxperiment ';..; 3; scale showing effect of rood on grotith; 

HF - r!,, tion-fed; 	- well-fed. 	P3. 

(c) ixperiment 	6 

In this experiment a 21- yertr-old pnrr from the t. John 

hery was well-fed for 48 days and then rntion-fed for 68days. 

daily temperature and feeding records are shm7n in fig. 8. 

daily food consumption in the vell-fed period was 4.9 half- 

es of herring and the mean temperature 12.4 °C. In the ration

eriod the dnily food consumption coW 	1.2 b,71f-lices of 

ins an: the can tellerature was 12.8°C. It should be noted 

the daily rntion wr.s 2 half-slices of herring and that, during 

latter part of the experiment, the fish mould not eat more than 



1 ha 

sexua 

a ma 

bein 

for 

the 

and 

18- 

if-slice 	day and some due refueed to eat.etall. The 

1 condition of the firth is rerhas resronsible as it wes 

ture male. 

The lerwth on June 16 WA3 130 mm., the length increments 

g 16.9 eer cent fat the well-fed period and 416 per cent 

the ration-fed period. The reight on June 17 wan 22.0 grams; 

weight increnent wee 79.5 eer cent for the well-fed period 

19.0 per cent for the retion-fed period. 

3cale  Resulte,  

at t 

ment 

expe 

eicele samples were teken at the beginning of the experiment, 

ee end of the well-fed period, and at the end of the expert-

. Pig. 9 represents a scale removed nt the end of the 

riment. It shows two complete years of erowth, a transference 

check formed when the fish was moved from Jt. John to et. fldrews, 

five wide ridges laid down during the well-fed period and two 

 

narrow ridges formed during the rntion-fed eariod. 

Pig. 8. Daily tempers 	end food-conseelption in experiment '4' 6. 



,aperient - 6; scale showing effect of food on growth. 

TO - transferehce check; WF - well-fed; kI - ration-fed.X 21 

(d) I!,xperiment %, 8 

In this experiment the fish Was well-fed for the first 34 

days, ration-fed during the following 33 days, and well-fed during 

the final 49 days. The daily temperntures and food are plotted 

in fiL. 10. In the initial ve11-fed period. the I.Lean daily food- 

cons unItion wne 7.8 half-slices of herring and the mean tetlern-

ture was 11.6°C; in the ration-fed period the fish vas given only 

2 ha if-slices each day and the wean te.4erature vis 14.3°C; in 

the final well-fed period the wean doily foyd-consumption was 

4.2 half-slices of herring and the mean temperature 	12.2 °C. 
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Tbi s fish Vir S an iruhatUre feme.le and the feeding in the final 

per iod was considerably better than that of the mature males; 

it Was, of course, affected by the dropping teperature. 

The weight of the fish en Jule 17 wa 24.0 grams. The eleight 

inc rements for the various food periods are as foil'owo: initial 

viol 1-fed period, 72.9 per cent; retion-fed.period, 14.5 per cent; 

and the final well-fed period, 49.5 per cent. The length on 

Jun e 16 wos 137 ele., the lencth increment durine. the first two 

per cods was 	per cent end. 6urinc the final vell-fed period. 

10., 5 per cent. 

SCR, e 

'.cales were removed at the beginning of the experiment, at 

the end of the ration-fed period, and at the end of the experiment 

so the growth during ech of the periods WRO easily detereined 

(fig. 11). :Aales at the beginning of the experiment had a trans-

ference check at the edge bo in scales removed later this check 

marks the beginning of the experiment. Of the ridges mid down 

during the experiment the first five formed during the initial 

well-fed 0.i.riod were very wiee; the next five ridges formed 

during the ration-fed period were fairly narrow and some were 

incoe -plete at the sides; tike last five ridges formed during the 

final eiell-fed period were 71de again except the ridge at the 

ed,.e. of the scale wns quite narrow. Thus the poor feeding 

duri .ng the ration-fed period produced a band of closely .  epeced, 

incompl etc ridges resembling a winter check fairly cloOely. 

I 



lit. 10. tenperture tid food-consuL:ption in experirLent 

 

Fig, 11. 7:bcperiwenti 6; ucale nhowin6 effect of food on crowth; 

TC - transference clleck; WY - rell-fed; RF - rrtion-fed. 
X 21. 
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(e) :experiment e 7 

in thie experiment a 24 year-old leirr from the jt. John 

Hatchery was well-fed for 34 days, then ration-fed for 33 days, 

and finally.  eell-fed for 4Y days. The daily food and temperatures 

are plotted in fig. 12. In the initial well-fed period the 

daily food coaeumed Ives 716 half-alioes of herring and the mean 

temperature was 11.4°C; during the ration-fed period it was given 

2 half-slices per day and the mean temperature was 14.1°C; during 

tae final well-fed period the daily food consumptioa was 3.1 

half-eliceo of herring and the mean temperature lens le.1 °C. The 

fish was a mature male which ;artially expleine the poor feedrig 

in the final well-fed period. 

The weight of the ft:2,h on June 17 wns 40.0 grams. The 

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

period, 47.5 per cent; ration-fed period, 13.3 per cent; final 

well-fed. period, 16.2 per cent. The length on June 16 we:: 15 

em. and increased in length 16.1 per cent during the full time 

of the experiment. 

Scale Results. 

3cal as were removed only et the beginning and at the 

end of the experiment. Seelee at the beginning had 2 eonrlete 

years of 

at the ed 

experimen 

the lest 

laid down 

ridges du 

growth end 3-4 summer ride n with a trensference check 

ge of the scale. The additional growth during the 

t coneisted. of 7.-8 ridges, the first 4 being wide and 

3-4 being narrow. That is, there 'ere 4 wide ridges 

during the initial well-fed period end 3-4 narrow 

ring the remaining retion and well-fed .j:eriods, there 

being no definite distinction betereen the eidths of the ridges 



in the last two periods even though the feedinE was slightly 

better in the last eriod. 

01 . 12. Daily temperature rtnd food-consunption in experiment W 7. 

(f) 1:xperiment If 7 

The purpose of the experiment wns to deternine the effect 

of a variation in food supply on the growth of the scale. The 
Old 

fish izeed 1/4113 a 2 1 year/smolt obtained from the jt. John 

Hatchery on ray 20, 19:56. It was retained in fresh v:ater until 

the beginning of the :yxperimsnt on June 25, 1936. It was then 

transferred i'ircetly to a unit water trough in the laboratory 

bagement. 



The temperature wao lept fairly constant dur no the whole 

tint of the experiment, namely 91 deys. The food, however, wax 

varied. The daily temperatures and food pre plott d in fig. 13 

p rid 

the 

the 

Duri 

slic 

fed 

the means given in table 3, for each of the periods. During 

first 39 deys the fish wan allowed all it wished to eat end 

daily food coneseee,tion increased ns the teeperetere increased. 

ng the succeeding 30 days the fish WR9 fed a ration of 4 

es of herring per day; end for the final 22 days it was again 

all it wished to eat. The menu daily food consuelption for 

each period seas; 10.8 elicee of herrinc for the first well-fed 

peri od, 3.8 slice, for the retion-fed period, end 6.2 slices for 

the final eell-fed period. The food-coneumption lei considerably 

lowe ✓ after the ration-fed, period. than buford. If the experiment 

hed been continu d for a longer time, perhave the amount of food 

eete n would have incr need. jit any rote that ie what happened 

efte ✓ etervation in experieseent V 2. in that instence there we 

a re covery per od of about 18 days after which the feed- consurrip-

tion increased. 1,ince the temperature wes fairly constant any 

chec ks oceerring on the scale should be due to food only. The 

ilrea test verietior in the mean temperatures of the three periods 

was 0.5°C. 

Lengths end weikente were recorded at the beginning and 

completion of the experirlent only. The length on June 25 we 

195 mr. and on Serteriber 25 elle 271 rim., an kncrense of 39 per 

cent The weight on Jene 25 wen 68 erene and 1&7.5 grales on 

,,Ixiber 25 representing en Increase of 175.7 per cent. 3ept 
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Iballe 3. rood onUILptjori and Tem;crature of xperimental 

 eedij  leriods in :,;xperient  • 7. 

Experimental 
conditions 

ell-fed k'tj on- fec! 	 el 1- fed 

•••••■•••••••••••••••• 

Length o: 
:eriods 

June 26-Aug.3 	Avg. 4-aert.3 	.;ert.4-4ept.25 
39 day 	 30 (1-s 	 22 days 

.ean .00 i1„ 
Temp. 11. 	 12.3 	 L.2 

Mean .1)aily 
Food 1 0:8 3.8 

Scale hesults. 

The scales removed Pt the beginning of the experiment 

showed two full years of zrowth followed by 8 or 	ridges of 

growth for the curl'ent summer. :he first 4 or 	rides of current 

growth were wide while the next 3 ridges were very narrow and 

irregular forming a prominent caeck in the scale growth. I n some 

cries this check was followed by 1 or 2 wide ridges while in 

others the check we right rt the edge of the sc ,71e. This is a 

transference check which was formed after the fish had been 

transferr 

he time 

experimen 

required 

On t 

transfere 

ed from the t. John Natchery on Vvy 2C to 6t. Andrews. 

interval from trrnsferece to the beginning of the 

35 days which represents approximatly tLe time 

for such n check to be laid down. 

ae series removed at the ed of the experimecit this 

nce check formed a very good mark to indicate the 
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h 	 n subsequent growth of the scale whic occurred during the runing 

of the experiment. One. of theoe scvles is represented in fig. 14. 

The rirst 10 ridges are wide alx1 correspond to the first well-fed 

reriod (39,jays) of the experiment. The next 5 rieges are con-

siderably narrower rand correspond to the ration-fed period (30 

The following 	or 3 ric.es are vide at,d corespond to 

nal well-fed period (2 days). The 5 narrow ride s cauaed 

by ration-feeding might be called a ..7ed check. These ride e are 

regular and most of them e xtend don the sides of the scrle 

(in this re3pect the photogtaph is not as representative as it 

should. be'). 

• 

Fig. 13. Daly temperature e,nd food-consumptio!. : in experiment 1 7. 



Vig. 14. Exporiment F 7; scale showinu effect A° food on f;rowth; 

TO - trnnrference check; 	well-fd; AF - ration-fed. 

18. 
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nring the Te!Teratere to .i-roduee Checks on  

the ecalos. 

e) experiment 2 3 7 

1933 from the . John natcery. On October 1, 1934, it wes 

trough. On ley 18, 1935, it was treneferred to a high tempera- 

temperature. At 

Irevious to July 

ll times it wns fed all it wished to eat. 

5, 1935, it was fed on beef Tiver but from 

fed whole slices of herring. The dai1 food and daily temiera- 

id October 31, the length increasing  incrcsin from 287 

eer cent; Aucuct 82.7 per cent; 3eptember 16.6 r.er cent; eed 

October 7.1 per cent. The length of the fieh vws measured only 

on eeptember 3 RI 

MM. to 310 mr4, i.e. nn increase of 6.0 per cent during the low- 

The fish used in this experiment wes obtained Rs a fry in 

separated from the reserve eupply of fish and lut in O. separate 

ture. On 'i'eptember 3, 1935, it vgAs transferred to a low 

then on to the end f the experiment on October 31, 1935, it Wifi 

tures are ohown in fig., lb. The general trend of the food 

curve follows very closely that of the temperature curve. 

kor the high-temperature period from June 17 to September 3 

the mean daily temperature waa 12.6°C. For tie low-temeerature 

period from 6eptember 3 to Ce2to1.er 31 tee eleae daily temperature 

vxs 9.2 0C. The mean daily food consumed during the high-temereture 

pe iod was 13.3 slices of heieing end during-  the low-tempernture 

period only 6.2 eliceu of herring. The temperature evidently 

effected the feeding coneiderybly. The wonthly weight increases 

were similnrly affect , d. Trey veritd as follovis:-July d5.1 

tempernture period. 



-29- 

Scale Re ults. 

.Coale samoles were tnkeh et the end of the high-tempeeetare 

period on ,.ieptember 3 'rid nt the end of the experiment on 

ectober 31. A smile from the latter sample is shown in fir. 16. 

The first 12 ridges niter the last yinter check e r e wide nod 

rerresent the growth durin: the high-tempereture  1  eriod, i.e. 

reevioue to 3eptem-oer 3. The last 3 of these ridges, however, 

tire narrower than the preceding ones - , nd corresrond to the last 

two reel, s of the hith-tempereture ;eriod when the terTerature 

nnd feeding dropped considerably. The next 4 or 5 ridges at the 

edge of vbe scale ere narrower than any of the ireceding ridee 

nnd r epre 

Jeptember 

lent the crowth during the low-teTpernture reriod from 

3 to October 61. 

Fig. n. ly te pereture al;d food-consumption in experiment 213 7. 



- 

Seale  Results.  

Joale samples were taken at the end of the high 

Fig. 16. :xperiment 2B 7; scale showing effect of temperature 

on growth; HT - A.gh-tempernture; LT - low-temperature. 

X 18. 

(b) ";:xperiment 	9 

a hi 

for 

(fig 

ture 

A 2+year-old pnrr frog the St. John Hatchery was kept r-t 

gh teperature for :54 days, then shifted to a low temperature 

35 days, nd finally back to the high tempernture for 47 days, 

17). The mean temperature durirk; the initial hi6h-tempera- 

Deriod wary 11.4°C end the daily food-consumption 5.1 half- 

slices of herring; in the low-temperature period the mean tempera- 

ture was 8.8 and the daily food-consumption 2.5 half-slices; 

 

during the final high-temperature period the mean temperature 

was 12.0°C nnd the food consumption 2.2 half-slices per day. 

The feeding did not iprove any during the final high-temperature 

period as one wouldxpect whicl is due to the fact that the 



fish was a mature male. 

The weight of the fish at the beginning of the experiment 

was 19.5 grams and the weight increments were: 43.6 per cent in 

the initi al high-temperature period, 39.3 per cent in the low- 

temperntu re period, and 28.2 per cent in the final high-temperature 

period. The length of the fish at the beginning of the experii- 

ent we 1 25 iim. nd increased 28.8 per cent during the experiment. 

Scale Results. 

3cnl 

the exper 

growth fo 

check at 

experimen 

temperatu 

temperntu 

high-temp  

es were removed only at the beginning and at the end of 

iment. Those at the beginning had 2 complete years of 

llowed by 4-5 ridges of su ..Aler growth with a transference 

the edge of the scale. The f , dditionnl growth during the 

t consisted of 4 wide ridges during the Initial high- 

re period, 4 slightly na:rower ridges during the low-

re period, and 2-3 very narrow ridges during the final 

erature period. Thus there were wide ridges formed in 

the initial high-temperature, the difference being due to better 

feeding i 1 the former. 



rr : 

- 

Fig, 17, Daily temperature and food-coneuHption in experiment 4 9. 
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(c) ixperiment 4 10 

The fish in this experiment wan e 2# yearteld parr from 

the lit. John Hatchery. It was kept at a high temperature for 

34 days, a lov: temperature for 35 days, and again at a high 

tern pernture for 47 days. It was well-fed at all times (fig, 16). 

The mean temperture of tie initial, high-temperature period was 

11. 6°C and the daily f -- od-consumption 5.6 nalf-sliees of herring; 

the mean temperature of the low-temperature period was 8.9 °C, 

and the daily food-consw,iTtion ;17 half-slices; the mean tepera-

tur a of the final high-temperature period was 12.1°C and the 

dal ly food-consumption 1.6 half-slices of herring. This fish 

was3 also a mature male which explains the poor feeding in the 

final high-temperature period. 

The weight of the fish at the beginning of the experiment 

was 20.5 grams and the weirht increments during the experiment 

7ere:- 61.0 per cent in the initial high-temperature period, 

36.4 per cent in the low-temperature period, and 12.2 per cent 

in the final high-temperature period. The length of the fish 

at the beginning of the e periment was 131 	it increased in 

length 21.4 per cent during the first two periods and 3.1 per 

cent during the final high-temperature period. 

ScAle Results 

at t 

exp e 

2 co 

a tr 

L;cale samples were taken at the beginning of the experiment 

he end of the low-temperature period, and at the end of the 

riment. The sc&les at the beginning of the experiment showed 

mplete years of growth and 3,4 ridges of summer growth with 

ansference check at the edge of the sc7,11e. The additional 



growth duri 

the first 3 

were wide; 

were not qu 

final high- 

ng the experiment consisted ofabout 9 ridges; abut 

formed durinr the initial hich-temperature period 

the next 3 formed during the low-temperature period 

ite so wide; and the last 3 ridges formed during 

temperature period were very narrow. 

Fig. 18. eily temperature and food-consuF71ption in experiment 	10. 

(d) '::xperiment 	11 

The fish in this experiment was a 2 year-id parr from the 

St. John Hatcher,'. It was kept at a high temperature for 34 days, 

a low temperature for 35 days, and again at a high temperature 

for 47 days. At all times it was given all it wished to eat. 



11.5°C 

for th 

and th 

for th 

12.0°C 

dee. The fish was a male but immature. The feeding during the 

and the daily food-consu ption 6.6 half-slices of herring; 

he low-temperature period the eean temperature wan 9.0 °C 

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

e final high-temperature period the mean temlerature was 

and the food-consumption 3.2 half-slices of herring per 

-35- 

The d lily teeperatures and food are - elotted in fig. 19. For 

 

the initial high-temperature period The mean temperature was 

final high-temperature period is somewhat better than that 

found in the mature males (W 9 , • 10, and e 12) under similar 

conditions. 

The weight of the fish nt the beginning of the experiment 

was 20.5 ernms. The weight increments in the various temperature 

periods were: 73.2 per cent in the initial high-temperature 

period, 36.6 per cent in the low-temperature period, and 34.0 

per cent in the final high-temperature period. The length at 

the beginning of the experiment wne 130 mm. and the increase 

in length wes 42.3 per cent during the full time of the experiment. 

,ctele 

miples of scales were taken from this fish only at the 

beginning and at the end of the experiment. irevious to the 

experiment the scales showed 2 complete years of erowth plus 

3 oft 4 ridges of summer growth with R transference check at the 

edge of the scale. The growth during the experiment consisted 

of abou t 12 ridges. The first 3-4 ridges formed durine the 

high-temperature period were quite wide. The next 3 initial 
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ridges formed during the low-tempernture period were only slightly 

na irrower. The last 5 or 6 ridges formed during the final high- 

temperature period were much narrower especially near the edge. 

Fig. 19. Daily temperature and food-consn_ption in experiment W 11. 

(e) Experiment 	12 

The fish n this experiment WPSa 2,+ year-old parr from the 

St. John Hatchery. For the first •34 dRye it was kept it a high 

temperature, for the following 35 days it was shifted to a low 

temperature, and for the final 47 days it -'as again kept at a 

high tempa ature. it was well-fed at all times. The food and 

L 
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daily 

high-t 

daily 

daily 

temperatures are plotted in fig. 20. Vor the initial 

ampernture period the mean temperature was 11.6 0C and the 

rood-consumption 8.0 half-slices of herring; during the 

nperature period the mean temperature was 9.1 °C and the 

rood-consumption 2.2 hTqf-slices of herring; and for the 

final high-temprature period the mean temperature was 12.10( 

and th mean food-consumption 1,8 half-slices of herring per 

day. Lhe fish was a mature male and again the feeding is not as 

good ;  it should be during, the final high-temperature periodl 

TI le weight at the beginning of the experiment was 27.5 

grams. and the weight increments were: 56.4 per cent in the initial 

high-temperature period, and 20.9 per cent in the low-temperature 

period, and 12.5 per cent in the final high-temperature period. 

The length at the beginning of the experiment was 142 	it 

increased in length 17.6 per cent during the first two l eriod: 

and .4 per cent during the final high-temperature period. 

Scale  

3c 

occasio 

the low 

J reviou 

of grow 

check a 

the exp 

initial 

during 

esults.  

ales were removed from this fish on three different 

ns, at the beginning of the experiment, at the end of 

-temperature period, and at the end of the experiment. 

a to the experiment the acales showed two complete years 

th plus about 4 ridges of sumer growth and a transference 

t the edge of the scale. The additional rowth during 

eriment consisted of about 4 wide ridges during the 

high-tenperature period, about 3 slightly narrower ridges 

the low-tempernture period, and 2-3 very narrow ridges 

the final high-temperature period. 
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Fig. 20. Daily temperature -.nd food-consumption in experiment -.1; 12. 

(r) :2Teriment F 4 

The purpose of this experiment was to see what efect a 

sudden decrease in tenperature would have on the growth of the 

scales; The history of the fish previous to the experiment is 

as follows. On Lay 20, 1936, it was transferred from the St. John 

Hatchery to St. Andrews as a 2+ year-old molt. Cn June 5, 1936, 

it was transferred from fresh water to a large sale water tank 

in the laboratory basement where it remained until the beginning 

of the experiment. 



The experiment was conducted in salt water and commenced 

on June 19, 1936. •During the first 46 days the temperature 

was raised gradually from around llto over 16 0 . On August 

4, the temperature was lowered suddenly to a little over 12° 

and-kept at that temperature until Jeptember 4, a total of 

31 days. The fish was then shifted back suddenly to the 

high temperature for the succeeding 19 days. The eperiment 

ended on .eptember 23. The length of the experiment was 96 

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

Growth, Tern erature and Food   

Lencths rid weights were taken only at the beginning and 

completion of the experiment. The length on June .1.; was 199 um. 

and on :;eptember 23 it wes 259 mm., an increase of 30.2 per cent. 

In weight it increased from 77 grams on June 19 to 190.5. Lrems 

on Jeptember :7), i.e. 147.4 per cent. The doily food and 

temperatures are plotted in fig. 21, and the Lean daily food 

and teuperature for each of the temperature periods are given 

in table 4. During the initial high temperature period the 

temperature increased steadily from 11 ° to over 17 0 while the 

food-consumption showed a similar increase from around 5 slices 

of herring per day to 21 slices per day. The average for the 

period Was 14.1 °  and the average food-consumption va , s 10.4 

slices per da,„. During the next period the temperature remained 

uniformly low around a mean of 12.4 °  while the food-consumption 

showed a sudden drop followed by a eraduel decrease with a mean 

of 8.1 slices for the period. During the final period the 
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temperature wee uniformly high eround a mean of 16.3 °  while 

the food-consumption showed only a slight increase correseonding 

to the increase in temperature followed by e eraduel decrease 

with a menu of only 3.0 slices per clay for the period. i4though 

the temperatures were practically the sane in the initial end 

final periods, the food-consumption Was considerably less in 

the final period rind it looks es if the sudden chances in 

tempernture heve adversely affected feeding. However, the fish 

was not in eood condition at the end of the experiment. 

Table 4. 2ood Consumption and Reperature of eTerimental 

Teneerature eriods in Teeeeri:eent V 4. 

-Experimentel 
conditions 

LenGth of 
i eriods 

igh 
Temp. 

Low 
T emp. 

High 

June 19-Aug.4 	Aug.4 	Sept.4 	Sept.4-eept.23 
46 days 	 31 days 	 19 days 

Jean Daily 
Temp. 

14.1 	 12.4 	 16.3 

keen Daily 
Food 

10.4 	 o.1 	 :3.0 

Scale Results  

Scale samples were removed from the fish at the beginning of 

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

September 23• The scales removed at the beginning of the experi-

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

of the scale. This check consists of 2 or 3 very narrow, dis-

continuous ridges which were laid down after the fish wes 



transfer 

ference 

the end 

(fig. 22 

0 
red from ;it, John to it. Andrews on 14ay 20. This trans-

check could easily be located on the scnles removed at 

of the experiment and the new growth thereby determined 

). There were abHut 16 ridges formed on the scale 

during the course of the experiment. The first 7 or b ridges 

are wider than any of the others id correspond to the high 

temperature period from June 19 to Aucust 4 when the feeding 

was good. During the low temperature period from August 4 to 

September 4 the feeding decreased considerably and only 3 or 4 

narrow ridges Yere formed on the scale. These ridges are narrower 

thin eiti .er the preceding or following ridges and extend down 

he sides of the scale. From this temperature check to the edge 

of the se ale there are 5 or 6 fairly wide ridges representing 

the scale growth during the high temperature period from eptem-

ber 4 to eptember 23. These ridges are wider than the ridges 

formed du ring the low temperature period but not PS wide as 

tLose for med during the initial high temperature period. 

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



-4, 

Pig. ,_:2• 	xperirient F 4; scale showing effect of temper ture 

on growth; TC - transference check; HT 	high temperatur4 

PT - low temperature. 	18. 

(g) Lxperiment ;i 1. 

A '21-year-old parr was used in this experiment. The tempera-

ture was varied and the fish wns well-fed at all times (fig. 23) 

For the first 35 days from June 15 to July 20 the temperature 

S kept low, the men being 7.7 0C; the mean food-consumption 

for this period was 4.6 half-slices of herring per day. .juring 

the following 35 days from July 21 to August 24 the temperature 

wn high, the mean being 14.0°C; the feeding accordingly 

iner eased to 7.9 half-slices of herring per day. 	uring the 



final 

9.1 °C; 

half- 
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47 days the temperature was again low, the mean being 

and during this period the feeding decreased to 2.4 

lives per day. 

The weight on June 17 was 25.0 grams. The weight increment 

during the initial low temperature period was 42 per cent, 

during the high temperature period 62 per cent, and during the 

finnl low temperature period only 24.3 per cent. The length 

at the beginning of the experiment on June 15 was 140 mm. and 

at the end of the experiment on Gctober 10 wee 191 mm., re-

presen ting an increase of 36.4 per cent during the full time 

of the experiment. The sex of the fish 	n female, immature. 

Scale liesults. 

he scales removed at the beginning of the experiment 

showed 

growtk 

at the 

the en 

subsee 

temper 

there 

narrow 

corres 

fairly 

former 

tellper 

during 

2 complete years of growth followed by 3 ridges of summer 

with e transference check (Si:. John to St. .indrews, eay 20) 

edge of the scale. Fig. 24 represents a scale removed at 

d of the experiment showing this transference check and the 

uent growth of the scale during each of the low and high 

ature periods. During the initial low-temperature period 

were 4 ridges formed on the scale, the first twu being 

, the third and fourth very wide. The net five ridges 

pond with the high-temperature period, the first two being 

wide and the next three fairly narrow. L parently the 

were laid down during the first two weeks of the high 

ature period when the feeding yes greatest and the latter 

the last three eeeks of this period when the feeding 



-44- 

decl .ined rapidly. The last three ridges on the scale are fairly 

wide and corresnond with the final low temperature period. 

duri 

duri 

In this instance then the widest ridges ere laid down 

ng the low temperature (around 8 °C) and the narrowest ridges 

ng the high temperature (around 159C). Although the differ- 

ence between the widths of the ridges was not very  ,  reat it 

doe show that a check may be formed on the scale if the feeding 

doer not increase proportionately with the increase in tempera-

ture. The only reason that can be sugo?.sted for the decline in 

feed ing during the high tenperature is that the temperature 

 

VMS too high., i.e. the temperature was above the optimum 

feeding temperagure. 

Fig. 23. Daily tenier-ture and food-consumption in experiment W 1. 



Fig. 24. ,xperiment - 1; scale showing effect of temerature 

on growth; TO - transference check; LT 	low temperature; 

ET - high temperature. A 21. 

(h) )cperiment 	2. 

The fish used in this experiment was a 2 4- year-old parr 

received from the LA. John hatchery Lay 20, 1936. The temperature 

was va ried and the fish well-fed throughout the experiment (fig. 25) 

For th e firut 35 days from June 15 to July 20 the fish was kept 

at a 1 ow temperature, the men temperature being 7.3 °G , rid the 

daily food-consumption 3.0 half-slices of herring per day; during 

the fo flowing 35 days (July 21 - 	24) the fish was kept at 
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a higher temperature the mean being 14.2 0C and the food-consump. 

tion increased slightly to 446 half-slices per day; during the 

final 47 days of the experiment (August 25 - October 10) the 

fish was shifted back to a low temperature, this time the !Lean 

temperature being 9.1°C and the mean food consumption decrensing 

to 0.5 half-slices per day, i.e. a quarter of a slice a day 

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

mature which perhaps is partly responsible for such poor feeding 

during the last period. 

The weight of the fish at the beginning of the experiment 

on June 17 wes L.3.0 grams. The weight increments for the various 

periods were: initial low-temperature period, 28.3 per cent; high 

temperat ure 7:43riod, 59.3 1)er cent; and the final low-temperature 

period, - 211 per cent. The length of the fish on June 15 eves 

134 mm, During the first two periods, namely initial low-

temperat ure nhd high-tepereture, it increased in length lb.7 

per cent and during the final low-temperature period the increase 

was 2.5 per cent, 

:elle Results. 

3ca les were removed at the beginning of the experiment, at 

the end of the high teuersture period, and et the end of the 

experime nt. The scales removed at the beginning of the experiment 

showed 2 complete years of irowth and about 4 ridges of current 

summer g rowth with a transference check at the edge (transferred 

from Jt. John to IA. Andrewe hay 20, 1936.) The scales reeved 



-47- 

n t the end of the high-temperature period and at the end of the 

ariment were practically similar. They showed 7-8 ridges of 

growth formed during the experiment; the first ridge formed part 

of the transference check, the second ridge was fairly narrow, 

and the remaining ridges were fairly wide, the widths being 

qui te uniform except the last ridge was narrower than the others. 

The t is the widths of the ridges were practically the same 

dur ing the initial low and high-temperature periods and possibl.i 

no ridges were formed during the final low-lei4erature period. 

aily temperature and food-consumption in experiment '4 2. 
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(i) Experiment W 3 

In this experiment a 2+ year-old parr from the t. John 

Hatchery wao fed all it wished to eat at all times but the 

temper ture was varied (fig. 26). During the initial low-tempera- 

ture period (35 einys) the mean temperature wrs 7.8°C and the food-

consumption was 4.6 half-slices of herring 1.er day. During the 

succeeding high-tmperature period (35 days) the neen temperature 

wee 14.0 °  and the food-consumption 5.6 half-slices per day. 

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

temperature was 9.3°C and the food-consumption only 0.5 half-slices 

per day, here also the feeding was very poor in the last period 

and the fish was a mature mnle. 

TI 

weight 

to weight of this fish on June 17 was 26.0 grams. The 

increments were: initial low-temperature period, 40.4 per 

cent; high temperature period, 56.2 per cent; and the final low-

temperature period, - 5.3 per cast. The length of the fish on 

June 15 was 137 mm. and the increase during the full time of tie 

experiment was 25.5 per cent. 

Jcales jeesultx. 

e,cales were removed at the beginning and at the end of the 

experiment. :ecales at the beginning of the experiment had 2 

complete years of growth and abut 4 ridges of current summer 

growth with a transference check at the edge, i.e. transference 

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

of the experiment the scales had in addition abut 9 ridges of 

 

new growth. The first 4 ridges were fairly wide and the last 5 
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ere somewhat narrower, the ridge at the edge of the scale 

ae narrowest.' Jo the ridges laid down during the initial 

perature period were slightly wider than the ridges laid 

ring the high temperature period, the last narrow ridge 

edge of the scale possibly binling laid down during the final 

perature period. 

iig. 26 Daly temperature and food-consumption in experiment W B. 

(j) Experiment 	4 

Tl R fish in this experiment was subj cted to low and high 

tempera tures but was well-fed at all times. The daily temperature 

and food are plotted in fig. 27. J.)uring the initial low-tempera-

ture period (35 days) the. mean temperature was 7.9 0C and the 
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mean food-consumption 5.4 half-slices of hering per day; in the 

succeeding high-temperature period (35 days) the mean temperature 

was 14.2°C and the :fienn.i'ood-consumption 5.3 half-slices of 

herring per day; and in the final low-tempe .,.ature period (47 days) 

the mean temperature was 9.3 °C and the men food-consumption 0.8 

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

The weight on June 17 was 34.0 grams. The weight increments 

are an follows:- initial low-temperture period, 33.8 per cent; 

high-tempernture period, 42.9 per cent; nnd in the final low.- 

temperature period, -2.3 per cent. The length on June 15 was 

148 mm. It increased in length 16.9 per cent during the first 

two periods and 1.7 per cent in the finril low-temperature period. 

Joale 1A2sults. 

tales were removed at the beginning of the experiment, at 

the end of the high-temperature period, and nt the end of the 

experiment. At the beginning of the experiment the scales showed 

2 complete years of growth followed by 3-4 sw:..mer ridges with a 

trnnsference check at the edge of the so le. The scales at the 

end of the high-temperature period showed an additional growth 

of Fib ut 7 ridges, the widths being fatrly uniform. The first 

ridge next the transference check was narrower than the others 

and the l t two ridges (especially the last) slightly narrower 

than the preceding ridges. There were no ridges formed during 

the final low-ter;.erature period for the scales removed at the 

end of the experient were practically the same as those removed 
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at the end of the high-temperture period. To sum up then, it 

might be said there was little or no change in the width of the 

rides in shifting the fish from the low to the hiLh temperature. 

• 

Fig. 27. 	ni1y temperpture and food-consumption in experiment 4 4. 
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(k) l',:xperiment F 8 

idea of this experiment was to find out the effect of 

increase in temperature on the growth of the scale. The 

consisted of a 24-year-old smolt transferred from the 

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

til June 5 when it we transferred to a salt water tank in 

nent of the laboratry to rid it of fungus. The chance 

3h water to salt water w s sudden but the fish showed no 

discomfort supposedly because it was a smolt. It WR5 

this tank until the beginning of the experiment. The 

nt was started on June 19, 1936 and ended October 6, 1936 

of 109 days and during the whole of this time the fish 

Ned all it wished to eat. The temperature, however, was 

During the initial 46 days from June 19 to August 4 

erature was low; durinE the succeeding 31 days from 

to Jepteraber 4 the temperature was high; and during the 

days from September 4 to October 6 the temperature was 

n. 

remperature and Food. 

ce difficulty had been experienced i:reviously in keeping 

ve in salt water when haildled too frequently, we refrained 

[luring or weighing the fish during the progress of the 

nt. Accordingly, only the growth for the full time of 

riment can be given. The fish increased in length from 

on June 19 to 301 mm. on october 6, a length increment 



of 81 mm. er 36.8 per cent. The weight increased from 95.5 grams 

on June 19 to 270.5 grams on October 6, o weight increment of 

175 grams or 185.2 per cent. The growth, therefore, wes quite 

confide rehle. 

Th a food consisted of whole slices of he ring; the food 

consump tion per dey and the daily temperatures are plotted in 

fig. Z 
	

As will be seen the effect of temperature on feeding 

is quit e marked. During the initial period both temperature 

and foo i-consumption were increasing quite regularly. 

The max Lmum feeding occurred on August 4, the first day of the 

high-teelperature period, when the temperature was 13.8°C. 

During the remainder of this reriod the temperature woe between 

16 and 18°  and the feeding steadily decreased. ehen the fish 

was sni fted back to the low tempereture, the food consumption 

dropped ienedietely to a le el below either of the previous 

two 1ev als. The food. curve than follows fairly reg larly the 

trend o f the temperature curve ne it hed done during the initial 

low-tem perature period. 

Th. a mean doily temperature for each of the e -2,: erirnental 

tempera Lure periods is given in table 5. together with the mean 

daily food-consumption for these periods. I2ele mean daily 

temperatures for the initial and final low-temperature periods 

were practically the same, namely 11.7 °  end 11,90  respectively. 

The teml 2erature for the high-temperature period was about 5 

degrees higher, namely 16.5 ° . The food consumed in this period 

wee le.4 slices of herring per da,, while in the initial low- 



temperature period it was 11.0 and in the final low-temperature 

period it WRS 5.0 slices per day. Thus we see that the food-

consumption varied with the temperature but not always in the 

same pro] ortion since the temperatures in the initial and final 

period were practically the same but the food-consumption was 

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

period(b .o). 

Table 5. Food Consumption and Temperature of Experimental  

Temperature periods in Experiment F 8. 

3xperime 
Conditi 

ntal 
one 

Low temp. Aigh 	 Low 
Temp. 	 Temp. 

Length o 
Periods 

june 19-Aug. 4 	 Aug. 4-sept.4 	'.;ept.4-Oct.6 
46 days 	 '1 days 	 32 dayi,. 

Mean Dai ly 
	 11.7 
	 11.9 

Temp. 

Mean Dal ly 
	 1 1.0 

	
12.4 	 5.0 

Food 
..100,06.1.411. 

i ■ esults. 

At the beejnning of the experiment on June 19, 1936, a 

sample of scales vine removed from the left side of the fish near 

the dorsal fin ewd at the end of the experiment on October 6, 1936 

a similar sample of scales was removed fr in the right side. The 

scales at the beginning of the experiment showed two winter checks 

plus 7-8 ridges of growth for the current year. Gf the latter, 
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the fir 't 3-4 ridges were wide, the next 3 ':,ere narrow and 1 

 

ridge at the ecie of the scale was wide. The 3 narrow ridges 

form the transference check caused by the transferring of the fish on 

May 20 from :it. John to 3t. Andrews, Fig. 29. a'epresents a 

scale r emoved at the end of the experiment showinc the additional 

growth during the experiment. There were 9 very 'Ade ridges 

laid do wn in the initial low-temperature period and 10 narrower 

ridges of sproximately uniform width laid down in the two 

followi ng high rld low temperature periods together. The last 

ridge, hov6ver, 1,1s narrower than the preceding ridges and the 

last tw o ridges at the edge of the scale were disconnected. The 

width f the ridges is evidently quite dependent on the relation 

between feeding and temperature. in the initial low-temperature 

period the rik:os ere wide because the feeding we good and in 

creased with the rising temperature. 'ihen shifted to the high 

tempera ture the feeding started to drop off because the tempera-

ture wa 3 too high and consequently narroer ridges were formed 

In this period. when Shifted back to the low temperature the 

feeding dropped off accordingly and the ridgs formed were still 

narrow and sA2roximately the same width as those of the high-

temperature period. 

NMI 



28. .Daily temerature and food-consumption in experiment E 8. 

. 29. 	tperiment F 8; scale showing effect of temperature on 

Lrowth; TC 	transference check; LT - low tempernture; 

HT - ii zrh mperature X 18. 



Experimentu at Verious Tereperntures and with Various Amounts 

of i■ood. 

(a) :;xperiments A 5-6 B 5-6 

On september 6, 1934, a supply of fry was received at St. 

Andrews from the norencevjlle HetchEry. On October 15, 1934, 

200 of these fry of approximately the same size were selected 

for the experiments, 50 fish being used in each experiment. 

The experimental conditions were es follows: A 5 and A 6 were 
a 

kept at/low 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 

ration-fed and B 6 well-fed. The experiments were carried out 

at ;iiclachol l s spring. The spring issuing from the side of a 

hill was well shnded by trees. This provided a steady, low 

temperature end a higher terrpe ature was procured by holding 

this water back in a number of troughs exposed to the sun. The 

fish in it the experiments, however, were shaded from the sun. 

Di 1ring the winter months (fro re ljecember 10, 1934 to key 18, 1935) 

all the trouges were shifted Ps close es possible to the s t ring 

and a temporary house built around the entire set-up. During 

the winter the temperature of the water next the spring e e 

slightky hieher so fish B 5 nd B 6'were kept in that position. 

The meen seasonal temperatures for each of the experiments 

are Oven in table 6. A 5 and A 6 were at practically the same 

temperature throughout and the same may be said for B 5 and B 6. 

In the fell season the mean temperature win the same for A 5-6 
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5-6, namely 8.1°C. During the einter senson the mewl 

5-6 was 6.3°C and about half a degree lower for A 5-6. 

seLmer season there wea a greater difference between the 

retures of the two sets of txperiments, 
9,40 

for A 5-6 

.3 for B 5-6. It should be mentioned in this connection 

Lt was found impossible to record the temperatures every 

zring the course of these experiments so the above tempera-

eerely indionte the change rether than show the actual 

7ence in temperpture. 

Table 6. Lean seesonni teperatures ( ° c) in experiments 	5-6 

and B 

for B 

In th 

tempe 

and 1 

that 

day d 

tures 

diffe 

B 5-6. 

    

 

Titer 

   

  

Jummer 
Lay 14/35 
rJept.27/35 

_.xperimentel 
Conditions Uct.16/34 	Dec.10/34 

)c.1O34 	ay 18/35 

  

5.6 .4 Low temp.; 
ration-fed 

 

NINIVII.1**11■11.11.11•110.0 	 

     

     

A 6 8.1 

 

9.4 Low temp.; 
well-fed 

 

B5 
	

8.1 	 6.3 	 12.3 
	

111611 
rntion-fed 

B6 
	

8.2 
	

6.3 
	

12.3 
	

high temp.; 
well-fed. 

11•1•111M111.0■1111011* 

The food coml. ted of either beef liver olor o a mixture 

of 1., e( ?f liver, lnetalbumin, dritd buttereiilk and salnon egL. ea1. 

.ver formed about half the :.lixture while equel parts of the The 1 
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other substances were mixed with it. The liver mixture wns 

use d only for a month or so in the fall. The fish were fed 

twi ce a day in the fall but only once a day during the rest 

of the experiment. 

The amount of liver fed to or eaten by the fish was not 

wet ghed so the only record of feeding is whether the fish were 

see n feeding or not. The feeding in all of these experiments 

WRS certainly retarded during the winter months for fish were 

see n feeding only occasionally. The temperatures were the 

low est in February and Larch, being around 5•0° in 4t,  5, 5•50  

in A 6, rind 6.° in B 5 and B 6. Better feeding was noticed in 

Apr il which is "osocinted with only a slight increase in tempera-

tur e of nbut half a degree. In May and the following summer 

mon the the feeding improved rapidly. 

The fish were weiijied alive in water at approximately 

mon thly intervals with the exception of four montha during the 

win ter. The mean weightsae well as the percentage increase 

per month for each lot of fish are j.ven in table 7. The mean 

wei ghta were almost exactly the same at the bt.ginning of the 

exp eriment, namely 1,4 grams. In each experiment there was a 

sli ght loss in weight during the first month which might readily 

be expected in the ration-fed fish but in the well-fed fish it 

see med strange for all the fish seemed to be feeding all right. 

How ever, it is likely due to the decreasing temperature at this 

tiL1 e. During the five winter months from November 15, 1934 to 

Apr 11 25, 1935 all the fish increased in weight even though 
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th e tempereture was in low as 5 and 6 00. Loet of this Weight 

3  no doubt put on during ii:arch end April when the fish were 

observed feeding more frequently. 

At the end of April A 6, B 5 and B 6 had the seme weight, 

2.0 grams, while A 5 Teighed slightly less, 1.7 creme. During 

the winter months there was n- t enough difference in the tempera-

tures to have rueh effect on growth, In Iny end the followin6 

sum leer months the effect of food nnd teperature is quite marked. 

There was a steady increase in weight in ell the experiments. 

B 6 at the high temperature and well-fed showed the best growth 

during the summer :,onths increasing from 2.0 grams at the end of 

Apr it to 11.6 grams at the end of ieptember. The next best Growth 

wee shown by A 6 at a low temperature and well-fed with an increase 

fro m 2.0 grams to 8.5 grms. Growth was considernblyjoorer in 

B5 and A 5 which were both ration-fed. There ryas slightly better 

gro wth in B 5 at the high teepereture, from 2.0 grnms nt the end 

of April to 5.5 crams at the end of Jeptember, while A •5 at the 

low temperature increased from 1.7 to 4.6 grams. In the latter 

CS 8 e the slight difference in weight cannot be said to be due 

to temperature for the food wen not neighed exactly. 

In the well-fed experiments A 6 (low temperature) and B 6 

(high temperature) the percentage increases in weight during each 

of he summer L , onthe show the maximu increase to be in the month 

of June and not in August when the temperature was highest. In 

B 6 the temperature in June was around 9 °C, the increase in weight  • 

56.7 per cent while in August the tem,erature was 12-18 00 and the 

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

—si 
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around 800 end the weight increase 46.4 per cent while in igust 

the temperature was 9-11°0 and the weight increase 41.2 per cent. 

Table 7. lean .eiyhts (grams) and Lonthly 	incre,ents (;4)  

for ExJeriments A 5-6 B -6. 

Low Temperature 	 High Temperature 

5 	 h 6 ratto 	 M ;-fed 	Weled 	ration-fed 	well-fed 

1934-35 	. ean 	visight 	i:ean 	Weight 
ei g ht Increment '4e1.4;ht Inereml 

grams % 	 grnms 

19.0 

32.0 

30.3 

7.0 

1.3 

	

1.2 	-7.7 

2.0 

	

2.8 	40.n 

	

4.1 	46.4 

bean 
V,eight 
grams 

Weight Lean 
increm.=: 

 s 

veight 

1 .4 1.4 

1.3 -7.1 1.3 -7.1 

2. 	, 2.0 

2.6 30.0 3.0 50.0 

2.9 11.5 4.7 5.? 

3.8 31.0 7.2 53.2 

5.1 34.2 c.6 33•3 

5.5 7.8 11.6 20.8 

5.1 	54.4 

	

7.2 	41.2 

	

6.5 	18.1 

At the beginnine of these (-xperinents a. control sample of 20 

fry had a mean weight of 1.5 grams and a mean length of 51. mm. to 

the mid-fork of the tail. The nean weights rid lengths at the 

completion of the experiE.ents on September 27 are given in table 8. 
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The fish were killed in formalin and immediately weighed and 

meeeured. The best growth (both lenjth Rnd weight) was obtained 

in B 6 et a hi:h teuiverature and well-fed; the next best in A 6 

at a low temperature cnd well-fed; considerably poorer growth in 

B 5 at a high teelperature and retion-fed; and the poorest growth 

of all in A 5 at (4. Thw temperature and ration-fed. There is a 

signifieunt difference in length or weicht between any of the 

experiments except A 5 and B 5. That is in these ration-fed fish 

there was no eignificant difference between the effect of a high 

 

or low t 	erature on „rowth. The test of significance used in 

these cases was that the difference between the meano ;leut be 

 

greater than twice the square root of the sum of the squares of 

the standard errors of the means. At both high arid low tempera- 

tures unlimited feeding produced better growth than ration-fedd- 

 

ing and there was a greater difference at the high temperature. 

A high temperature Troduced better growth than a. lo' temperature 

when the fish were well-fed but no significant difference when 

ration-fed. 

rle standard errors of the 11,eans show the e:,tent of variation 

tn tt3e length and weight* under the different lemperature and 

food conditions. The high temperature produced a greater varie-

tion in lengths and weichts than the low teLiperature -iliether the 

fish were well-fed or ration-fed. The unliited feeding Froduced 

a greater variation in lengths and weights than the ration feeding 

nt both. the low and high temi,eraturee (one exception in the 

weight s at the low temperature where ration-fed fish,- A 5, showed 

greater variation than well-fed fish, A 6). It is easy to see 

-...7•1111 
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th at an unlimited food supply would produce a greater variation 

sizes of fish than a limited supply of food. But a high 

in 

is perhaps not so obvious. It must, though, be due to the 

in creased nctivity of the fish tit the high temperature. Under 

tural conditions in the otreaiss there is always o competition 

fo ✓ food. The parr occupy certain areas end cautiously euard 

th ese feeding places against intru(Iers; 	lien crowded together 

in experimental troughs they could not be observed to occupy 

an y definite positions but were often seen darting at each other. 

turally the more active fish will intimidate the others even 

th ough they may do no bodfly harm. 3ome of the ration-fed fish 

(B 5) had worm fins so they were watched expressly to see what 

o happeninie. They were observed biting at each others fine 

an d bodies, and ricking up bits of ,.."erie on the bottom of the 

tr ough end spitting it out againl A few experiments were 

at tempted with only three fish to •. trough but teis was found 

practicable because of the fighting resulting in aatuel injuries 

to the fish. 4ith a larger number of fish they are not usually 

jured. 

Ta ble 6. LamattLialsie) .741uriLiaEL5-6,LLB±:§, 

Exper i t 
Lb. 

elean eeieht 
gr ; is 

Experimental 
conditions 

1110111•0011 	 

Lean Length 
(reid-fork) rem. 

5 Lo 
ra 

N Temp.; 
tion-fed 

4.45 - .25 75.08 - 1.42 
4- 

Lo 
A 6 WI 

w Temp.; 
11-fed 8.26 - .16 

4- 
e1.12 - 1.64 

temperature fraducing i greeter variation than a low temperature 

1111.11.11ION 	 

.11111■01110 



Tnb le 8 (continued) 

ixp 71xper t t eriuental 
onditions 

lean  e  eight 	4,an Length 
gr art18 	(mid-fork) rm. 

Yic 
rnt ion-fed 5 	 5.36 e .50 	76.03 7 2.40 

7 6 Pit 
wel 

h Temp.; 
1-fed 

11.60 47 1.12 	99.20 7. 3.01 

Find the other (A 2) w11-fed. Two other fish were kept at a 

the other (D 2) well-fed. 
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The sexeo were quite evenly distributed in the four lots 

The percentatges of females in the verious experiments 

e:- A 5, 54.8; 	60.0; 3 5, 60.0; B 6, 50.0. Li all the 

e fish only one V8 found to be rapture. '.hen the fish were 

ned to determine the bex the amount of fat on the viscera was 

ed. The retion-fed fish ( A 5 and B 5) had very Uttle fat. 

the well-fed fish A 6 at the low temperature ''ere quite fet 

le B 6 at the high temperature ,"ere very fat. 

(b) Experiments A 1-2, 3  1-2 

The fish in these experiments.7vere obtained as fry from the 

John Hatchery on Jul; 11, 1933. The experiments were started 

June 8, 1935, and lasted until 3epteflber 24, a period of 108 

s. The fish at thiu time -were 24-year-old parr. Two of the 

fish were kept at n low temperature, ne (A 1) being ration-fed 

higher temperature and sieillarly one (B 1) vas ration-fed and ' 

of 

we r 

raal 

ope 

not 

Of 

wii 

on 

day 



A 

B1 

the high temperature were fed only 2 half-olices of herring per 

day. A 2 at the low temperature and B 2 at the high temperature 

we : e fed all they wiehed to eat. Feeding was somewhet better at 

the high temperature for on the average 	2 ate only 11.5 half- 

slimes per day while 'e : ate 1716 per day. The daily temperatures 

and food-consueption for A 2 and B 2 are shown in fig. 30. In 

B 2 both feeding end temeerature were steadily increasing previous 

t o the middle of August and decreasin subsequently. The feedine, 

e c? eever, reached a mauffi on August 13, when the temperature 

was 15.5 0 L:p while the na , xiii , n, temperature (17.3 °C) yrs reached 

about a week leter on August 19. Thus a mexirelm feeuin temperature 

ia •somewhere around 15 0G. In A 2 the mexieue temperature wee 

also on August 19 but was only 10. ° C and the maximum feeding occur- 

red about the same time. The subsequent decrease n temperature 

wn F s less than a degree but was sufficient to start a eeoline in 

feeding. It seems roe than likely that maximum and miniLtum daily 

ten Teratures would be wore useful in showing the relationship 

between feeding and temperature than tee mean daily temperetures. 

Dr. MeGonigle has found this to be true in the case of epidemics 

among hatchery fish. 

The mean terapereture and daily food-consumption for each 

the fish are eAven in table 9• The mean temperature for Loth 

L 

 

and A .2 was 8.3°C and the high temperatuees 'tore 12.1 °C for 

and 12.0°C for B 2. A 1 at the low temperature and B 1 at 

of 
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Tab] 

 

• 1ean Temperatures 7:nd Daily )od Consumption in  

xeriments A 1-2, B 1-2. 

4111.11■•••••■•• 

 

experimental 
conditions C. 0 • 

.4ean Temp. 
Temp. 

oc  

—ean Daily 
Food. 

herring 
0111111101411•111•111011M 	 

   

    

Low 
vett 

Temp.; 
on-fed 8.8 	 2.0 

Low 
well -fed 	 8.8 	 11.5 
•••1111.10•11•11001. 

High, Temp.; 
ration-fed 

4111111111110.11■1 

High TeLtip.; 
well — fed 
	

15 2 
	

12.0 	 17.6 

411.••••■•111.101..am 	  

The percentage monthly weight increnehts ns well as the 

tota 1 weight and length increents 	are given in table 10. 

In t he two well-fed fish (A 2 B 2) the greatest increase in 

weig ht was in August and is due to the higher temperature in 

this ronth. But in the ration-fed fish (A 1 B 1) the best 

grow th w 	in July and not in i:ugust when the temperature VV.3 

grea test. The higher temperature increased basal metabolism 

and being on a ration diet the increase in growth would naturally 

be 1 ess. Considering next the growth during tau full period of 

the experiment both lengths and weights gave essentially the 

same results. The well-fed fish (A 2 B 2) grew considerably 

bett or than the ratioh-fed fish (A 1 B 1). Of the well-fed 
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fish B 2 nt the high temperture showed better growth than J 2 

nt the lov tempertu•e. In the ration-fed fish just the reverse 

iu found for A 1 nt the low temrernture showed better growth than 

B 1 nt the high temperature. An junt explained this is the 

result of the increased basal metabolisn at the higher temperature. 

Trble 10. 	or:th1y 	Ight increments and Total eIht nd Length 

Incrents (A in Exnerjrzjent L. 1-2 B 1-2. 

Low Tevir. High Temp. 

:eriod 
tion-fed 

1 
Well-fed 

L 2 
hation-fed 

B 1 
, ell-fed 

132 

konthly 
VieiEht 
Tncrements 

June 7-30 19.4 15.4 7.4 15.3 

July 1-31 41.7 26.4 67.2 

Aug. 	1 - 31 0 0 
13.6 61.3 

L;ept. 	1-24 13.6 13.7 

Weirht 
Increment June 7-

Zept.  24 
237.5 75.3 300.9 

Length 
Increment June 8 

:Apt. 24 
26.2 41.8 19.0 45.9 



      

     

      

      

   

Fig. 30. Laily temperature and food-consuL6.tion in (,xp.eriments 

A 2 and 3 2. 

(c) ,xperiments 	3-4 i 3-4 

  

Thi 

expert 

three an 

St. John 

were sta 

s set of experiments is the same as the previous set 

t lasted for a longer time, namely one yer in ;lace of 

d nalf-months. The four fish c-me orlinilly from the 

Hatchery vs f:,. y on July 11, 1933. The experiments 

rted on jeptember 25, 1934 and completed 6eptember 24, 

he fish were 1+ year-old parr at the beginning and 24-  

at the e;id of the experiment. Two of the fish, A 3 

were kept at a low temperature, A 3 being ration-fed 

   

1935, 

 

  

and A 4, 
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and A 4 well-fed. The other two fish, B 3 and B 4, were kept at 

a high temperature, B 3 being ration-fed and B 4 well-fed. 

The mean temperatures and daily food-consumption will be 

found in table 11. During the fall and winter months the high 

ten iperature fish (B 3-4) were only at a slightly higher temperature 

than the low temperature fish (A 3-4). But during the four summer 

months there was a greater difference, the low temperature being 

9.0C and the high temperature 12,2 0 . For the first two months 

or more the food consisted of shrimp; during the winter and part 

of the summer up to July 15 the food wo liver alone or liver plus 

dry feed; after July 15 the food was half-slices of herrine. it 

was only during the latter eeriod that an actual estieletion of the 

feeding could be taken. During this reriod B 4 at the high tempera-

tyre consumed almost twice es much food no A 4 at the low temperature 

The other two fish were fed only 2 half-slices of herring eer day. 

Dur ing the winter months feeding was curtailed considerably by all 

the fish but it was more noticeable in the well-fed fish. irevious 

to the month of June the well-fed fish were only occasionally 

ohs erved feeding whereas the ration-fed fish usually ate a little 

at each feeding. The difference, however, must have been merely 

in the time of feedine for the well-fed fish showed a greater 

Inc reuse in weight at this time than the ration-fed fish (see table 

12, 140v. 25/34-Lay 4/35). 

The daily temperatures and food-consumption in A 4 and B 4 

exp eriments during the summer month are plotted in Tig. 31. In 

B4 the temperature rose steadily to a maxivm of 17.6 0  on August lge 

 end thereafter declined. The amount of food consumed daily followed 
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the temperature fairly closely except that the maximum was reached 

about a week previoue to the maximum temperature. The maximum 

feeding WRS 60 helfeslicee of herring on Auguat 13 when the 

temperature was about 15.8°. This As about the same maximum feeding 

temperature as found in B 2 experieient above. In A 4 the temperature 

increased from around 8 0  in June to 10.6°  in Auguet 19 and thereeftei 

dropped only about a degree. The feeding incr,ased reeidly et first 

and in August and 3eptember fluctuated around 18 halfeelices of 

herring per day but cen hardly -oe said to have reached any definite 

peak. 

Table 11. eean Temperatures and Daily 'good Conoumetion in Experiment 

A 3-4 B 3-4.  

7:x.perimental 	Fish 	eean Temperature. ° C 

conditions ,ci 0 • 

Daily Food 
lialfeelices herring 

fall,inter 	uuner 	July 15-Jept. 24/35 

Low Teep.; 
ration-fed 
	A 3 	8.2 
	

9.1 4.1:411y 

Low Telep.; 
Well-fed 	A 4 	.3 	5.e 	9.0 14.6 

High Temp.; 
ration-fed B 3 	6.4 6.2 	12.'? 2.0 

High Teep.; 
well-fed 	B 4 	8.6 

   

e4.9 

       

       

The percentnge increasea in weight and length are listed in 

table 12. All the fish increased in weight during the fall and 

winter months but of course the Greatest increases were in the 

suOimer months when the temperature was higher. The well-fed fish 
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(A 4 9 B 4) showed considerably better growth in practically every 

period than the ration-fed fish (;, 3 B 3). However, during the 

winter period, november 26 - igiay 4, when the temperature was lowest 

the difference was not great. In the two well-fed fish (A 4 B 4) 

the increase was considerably greater in August, when the tempera-

ture Was highest, than in any of the other months. In the ration-

fed fish (A 3) at the low temperature the increases in July, August 

and September were practically the same since the temperature did 

not vary greatly in these three months. In the ration-fed fish 

(13 3) at the high temperature, however, the increase in August w a 

considerably less than in July or 6eptember for in August the 

temperature was much higher than in the other two months. Thus the 

effect of temperature on basal metabolism and conquently growth 

can readily be seen in fish on a limited diet. 

Yor the full-period of the experiment (1 year) the percentage 

increases in both lengths and weights show the following results. 

The two well-fed fish (A 4 B 4) showed much better growth than 

the ration-fed fish (A 3 B 3). The effect of temperature is not 

so great. Comparing the well-fed fish B 4 at the high temperature 

showed better growth than A 4 at the low temperature. But just 

the o pTosite effect of temperature is found in the ration-fed fish 

for A, 3 at the low temperature showed somewhat better growth than 

B 3a 

8411 

t empe 

t the high temperature. These results agree exactly with the 

ar experiments, A 1-2, B 1-2, on the effect of. food and 

rature on growth. 
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Table 1 2. I rcentage 'teight and Length Increments in Experimenta  

A 3-4, B 3-4. 

Low Temperature 	A44h Temperature  

keriod 	Ration-fed 	fed Nation-fed ,ell-f 
3 	A 4 B3 	B4 

Sept. 26-Oct. 26 	-1.5 2.9 9.7 24.6 
I eriodi 

ei, ht 

Increme 

Oct. 26-Nov. 2 	1.5 7.4 2.6 14.0 

Nov. 26/34 - 
iiiay 4/35 	 37.9 53.4 	40.5 

ay 4 - 31 3.3 

June 1 - 30 

July 1 	31 

Aug. 1 - 31 

45.9 

14.0 

25.8 

57.1 

79.8 

3.2 

16.5 

17.7 

15.0 

28.8 	19.8 

63;2 1 0•  

Sept. 1 - 24 36.3 	12.1 10.0 

_eight 	Sept. 26/34 - 
Increrients % Sept. 24/35 131.8 	621.0 111.t 	823.2 

LenLth 	Sept. 25/34 - 
Incre:,2ents Sept. 24/35 44.4 	99.5 37.8 	108.1 



Daily temperature Rnd food-consuiTtion in Lxperimente h 4, 

B4. 

141 



- 74- 

( d) Experiments 1 5-6 F 1-2 in ,altwater 

On May 20, 1936, a number of small parr and large smolts 

of the same age, namely 2+yenrs, were brought from the 	John 

Hatchery to St. Andrew°. They were kept in fresh water and in 

a short time practically all of the large smolts became fungoused 

whereas only a few of the small parr were so affected. On June 5 

the lar ge smolts affected viith fungus were transferred to a large 

sal twat er tank in the laboratory basement to rid them of the 

fungus growth. The salt water in this tank is pumped from the 

estuary of the t. Croix uiver and Was a much easier method than 

diving the fish in salt baths (3A. In a short time the fungus 

on all the fish was killed and on June 19 four of these tiolts 

of apr oximntely equal size were selected for the experiments 

'7hich 1 asted until September 30. 

Tw o of the fish, namely F 5 and F 6, were kept at a low 

tempera ture; F 5 was fed only 4 slices of herring n day and F 6 

was fed all it wished to eat. The other two fish, F 1 and F 2, 

were kept at a high temperature; F 1 was fed only 4 slices of 

herring per day while F 2 was well-fed. The source of the water 

was the same for the four fish but the temperature of the supply 

to 1 1 and F 2 was raised by menns of an oil jacket-heater. The 

temperature of the supply to F 5 and F 6 was that of the river 

water which was lowered slightly by passing through a brint-coOler. 

The mean temperatures as well as Lrowth, food-consumption and 

duration of experiments are listed in table 13. The mean low 

teAperatures for F 5 and 1 6 were respectively 11.7 0  and 11.8° C. 

The mean high temperatures were about 3.5 degrees higher, namely 
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T1 15.3°  nnd 1 2 15.0° C. 

• The value of these experiments is limited by the fnct that 

Ft 2 died after 61 days end F 6 after 103 days no the other two 

experie lents were discontinued at this time. 	considerable number 

of experiments were attempted in salt water but it wan nlways 

found extremely more difficult to keep fish elive in selt water 

than in fresh water. In fresh water fish can be handled quite 

freely 

the fi 

but in salt water they must be handled very carefully. In 

rst experiments attempted in salt water, the fish were 

wrapped in cheeeeoloth in order to hold them when scales were 

being removed. hut in every case eecept one, namely &'; 3 experiment 

the fish died several reeks later before the experiment was corn- 

pleted • In fresh water this same procedure never resulted in 

even o ne denth. In salt weter the only time that any success was 

attain ad was when the fish were ennesthetized before handling. 

In thi B nay the fish could be handled very gently end during the 

course of the experiment they were not even weighed for feer of 

injury • !Nen with such care two of the fish died. One of these 

fish, F 2, had the tip of the snout and lower jaw ors a little 

bit wh ile .' 6 hed the tip of the lower jaw worn end the two 

mandib les disjointed at the anterior tip. Larger trouOis You'd 

no dou bt have been n decided edventage. 

he two retion-fed fish, I? 1 end 1 5, q uite ravenously .te 

the fo ur slices of herring offered them each day. Of the well-fed 

fish, F 2 at the high temperature was feeding :luch better than 

F 6 nt the low temperature for the first 46 days but nfter that 

time t he feeding dropped off quite rapidly end several days before 
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it died it refused to et a thing. '0  6 was feeding quite well 

for the first 75 &Aye but after that the feeding steadily 

declined. The average food consumed per day by F 2 was slightly 

greater than F 6 but of course does not properly show the effect 

of temperature on feeding. 

Concerning growth F 2 and F 6 show little f interest because 

Of death. However, the two ration-fed fish (F 5 and F 1) were 

in good condition. P 5 at the low temperature showed better 

growth in both length end weight than F 1 at the high temperature; 

and i n this respect they show the same effect of temperature and 

a limited diet as found in the two previous sets of experiments. 

Table 1• Growth, Temperature. Food-consumption end Duration  

	

Experimental 	Fish Length, 	ean ..ean 	Lenk,th 	:,,ieight 

	

conditions 	No. of :.;xp t. Teriip. Deily 	Increment Increment 

	

Days - 	00 	food 	/0 /0 

:,lices 
..erring 

Low TenT.; 
ration-fed 
••••■•■■•••■■••■••■••.....••••■•■•orr 	 

5 	103 	11.7 	4.0 	31.2 	130.9 • 

   

A"ow T 
ell- 

emp.; 
fed 6 	103 

(dic(1) 	11.8 	8.4 	37.;"? 	182.1 

High 
ratio 

Temp -:; 
n-fed 1 7103 	15.3 4.0 26.3 	107.2 

oosolos•••■••••■• 

High 
well- 

Temp.; 
fed F 2 	al 	15.0 

died)  
9.4 25.6 	64.1 

01111MINIMmowamma 	 

   

    



in the afternoon the remaining slices removed. The daily 

food consumption and the daily temperature are plotted in 

fig. 32. The T nonthly temperature, food, and growth records 

are given in table 14. The temperature rose from around 11°C 

at the first of August to slightly over 14 ° in the middly of 

August. From then on it dropped steadily and was around 8 0 

 etober. The mean daily temperature for August 

(during the starvaion period) Was the highest rt 11.0. It 
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ADDITIONAL EXIERIENTS 

(a) Starvation  Scale-cheek :x] ...eriment  (12 ). 

The purpose of this experiment was to find out the effect 

of starvation on the formation of the ridges on the scale. It 

w. carried out in fresh water on a. salmon parr, 24-years old. 

This fish was retained with the reserve supply of fish at 

St. Andrews until the commencement of the experiment on July 

28, 1935. It had been well-fed previ us to the experiment 

and on July 28 it was moved into a sepan , te trough, measured, 

weighed and a sample of scales taken. For 35 days, from July 

28 to August 31, it was not given any food. From then on 

for the following 61 days until the end of the experiment on 

October 31 it as fed all it could eat, 

Temperature, Food and Growth 

The food consisted of whole slices of herrinb of approi-

mately the same size, the fish being fed in the morning and 
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dropped in 3eptember to 10.5
o 

and in October to 8.8o . The 

food curve is very interesting as it shows clearly the 

effect of starvation on subsequent feeding and also the effect 

of a decreasing temperature. For the first two days after 

the fast the fish ate 11.5 slices of herring per day which 

seems to be very little for a starvinc fish. During the next 

two or three days it ate still less and the amount fluctuated 

around 8 slices rer day for the first half of September. 

After the middle of September it began to eat more and more 

each day until it finally reached its peak ( 25 slices) in 

the middle of October. And this in spite of the fact that 

the temperature was decreasing. But after the middle of 

October the low temperature began to show its effect for there 

is a general downward trend of the food curve to the end of 

the month. The daily food consumption for L;eptember was 

10.5 slices of herring and slightly more (14.5) for October 

even th ugh the temperature was lower. Consequently consider-

able variations in feeding reactions might readily be expec-

ted under the 'tame temperature conditions at different times 

due to the physical condition of the fish. That the daily 

fluctuations in temperature and food do not coincide is quite 

evident from this , xseriment , s well as others. The low food 

consumption during the two weeks of recovery succeeding star-

vation might be due to some extent to the shrinking of the 

stomach during starvation and the slow distention during 

recovery to accomodate the food. On the other hand, it might 

possibly be due entirely to sa ne necessary physiological 



August 3eptemher October :hole 
eriod 

11.9 10.5 8.6 10.3 

starved 10.5 14.5 12.7 

68.4 27.7 94.0 

 	19.3 

l eriod 

Food. 

u Increments 2,',  

Lengti Increments 

.............■••••••■■•••■••••■••• 

Aean Jelly Temperature °C. 
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readjustment when feeding is resumed. 

Table 14, Temperature, Food and Growth in 1,xperiment V2  

The llvth of the fish Was measured at the beginning of 

the experiment on July 28 when the length to the mid-fork  • 

of the to it was 254 rim. For fear of injury to the fish it 

not measured again until completion of the experiment on 

October 31, 'hen the length waK 303 um, It thus increased 

in length 19.3% (49 mml) during the full time of the experiment. 

The w 
eights were e;isier to take without danger of injuring the 

fish PS the fish was weighed in water. It was weighed at 

the beginning of the experiment and at the end of each month 

during the experiment. At the beginning of the experiment it 

weighed 158 grams and at the end of Alit ust it -eighed only 

142.5 grime thus losing 13.5 grams of 9.8 per cent during  

the starvation period t35 days). In :;eptember it i(Icreased in 

weight 66.4 per cent and in October only 27•7 per cent. At 

the end of the experiment it weighed 306.5 grams thus showing 
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an increase of 94. per cent (148.5 grams) during the full time 

of the experiment. 

Scale Results. 

On July 28 previous to starvation a senale of scales was 

removed from the left side of the fish near the dorsal fin and 

on October 

'males wall 

31 when the fish was killed a similar sample of 

removed from the right side. une of the scales 

taken at the end of the experiment is shown in fig. 33. The 

scales r moved at the beginning of the experiment had 9 ridges 

of summer growth since the last winter check. By counting 

out 9 ridge 

at the end 

the effect 

s from the last winter check on the uen1 a removed 

of the experiment the position on the senle, where 

of starvation should be shown, was located. As 

can readily be seen from the photograph there is a very de- 

k 'n the growth of the scale at this point. The 

*posed of about 6 ridges which are fairly close 

d are incomplete at the sides of the scale, only 

hem extending to the posterior part of the scale, 

re very close together. From this "starvation" 

e anterior ed,e of the scale there are 7 or 8 wide, 

Les. The first 2 or 3 ridges of the check are 

incomplete ond quite close together and were 

id down during the starvation period. The remaining, 

he check are not so close together and are eiore 

hese we believe were laid down during the recovery 

bout two weeks subsequent to starvation woen the 

t feeding so well. The wide ridges, from the 

finite chec 

check is co 

together an 

2 or 3 of t 

but these a 

check to th 

regular rid 

irregui&r, 

possibly la 

ridges of t 

regular. T 

period of 

fish was no 
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Fig. 33. :.:)(periment V 2; scale showing effect of starvation, 

followed by unlimited feedino on rowth; 

X 7. starvation check. X 16. 

ro) Starvation ,c,periments. (1 A 7, 2 A 7, 1B 7). 

scale absorption normally occurs in sawning fish and 

occasi onally occurs at the Bea winter check which had been 

noticed especially in fish from the Jt. John Rivers Since 

spawni 

time, 

ng fish cease feeding several months before spawning 

it w!-3 considered quite possible that the scale absorp- 

tion might be due to starvation. AccordinOy three snli.on 

parr f rom the it. John hatchery were scaled, measured, end 

weiche d on October 2, 1934. Two of these, namely if 7 and 

2 7, were utarved until death while the third, 1 B 7, was 

starve d until 17 days before death. The two fish, 1 A 7 

and 2 A 7, were kept in the same trough with a screen partition 

between them. The fish, 1 B 7, was kept in a separate tr Ugh 
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similarly divided by a screen partition. 

Fish 1 A 7 was starved for 243 days, dying on .11ne 3, 

1935; fish 2 A 7 wns starved for 247 &lye, dying on June 7, 

b. Fish 1 13 7 was starved from October 3, 1934, to Lay 

1935, i.6. for 240 days. From then Ai it was fed on 

und liver but finally died on June 17, the length of the 

eriment being 257 days. The feed rig prolonged the life of 

s fish by curtailinc the loss in weight. From Aeay 4 to 

31 when the fich was not Being fed the loss of weight 

day was 0.6 per cent. But from June 1 to June 17 when it 

being fed the lose in ';eight j•er day was only 0.2 per 

t. However, it really ate very little. The exact amount 

not meacured but is ia.s onl. observed to feed on four 

ferent occasions. It ncted similarly to other fish Vint 

been starved in that it w, s not so much inclined to feed 

one would expect. 

The cause of death was similar in nil three cases. The 

perature of the water was between 5 and 6 decrees centi-

de most of the winter. On Lay 18, 1935, they were shifted 

another position in the experimental set-up where the 

perature was higher. On Lay 22, 1 A 7 had fungus growth 

its head, dorsal and pelvic fins. On Lay 23, 2 A •7 had 

e fungus on its head.. On June 1, 1 3 7 had some fungus 

its left ectoral fin. And once started this fungus 

wth increased from day ti day. The fish were given 3 per 

t salt baths to 1411 the fungus but the re'ief was only 

porary. Their resistnnce wan so low due to their starved 

dition that they were unable to combat the disease. The 

111 
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coeffici 

high !'t 

time of 

1 A 7, 2 

1.13, .9 

.58 and 

conditio 

cent of condition for all three of the fish errs very 

the beginning of the experiment but very low rt the 

denthe The respective coefficients of condition for 

/4 7 and 1 B 7 before the starvntion period were 

9 and 1.00; end at the time of death they were .64, 

.58 respectively. In computing the coefficient of 

\*0 
n the formula used w 	

100 ;N: as h * 	 where 	t the 

weight i 

tip of t 

L3  

n grams and L = the length in centimetres from the 

he snout to the tip of the l!iiddle ray of the caudal 

fin. Th 

salmon P 

is is the formula recommended at r eieeting of the 

nd trout experts of burope in 1933 (Lenzies etc. 1934). 

Lengths  and .ei,h Q. 

Lengths were jensured, to the nearest millimetre, at the 

beginnin g of the experiment and at the time of depth. On 

both occ asions 2 A 7 tuld 1 B 7 had exactly the sane length, 

nmmely 1 43 mml and 148 rm. - apectively. but 1 I. 7 showed an 

increase in length of 2 rim.; its length on October 2, 1934, 

wrs 156 ram. and on June 3, 1935, as 158 mm. 	hether this 

represents an actual increase in length or not is hard to say 

an error of 1 or 2 mm. in measuring a live fish is 

more or less to be exeected. On the other hand the fact that 

this fis .h wan in very good condition (E = 1.13) at the begin -

ning of the experiment favours the view that it really did 

increase in length even though being starved. 

The three fish were weighed at the beginning and end of 

the exp .riments, rid on three other occasions during the course 

because 

of the experiments. The percentae loss of weight in days is 
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given in table 15. TrIfortunntely the weiLhings were not 

taken at 

differen 

were ei 

equal intervals of time so the loss of wei tht in 

t periods cannot be compared. The three fish, however, 

ghA on the same dates and the loss in weight is 

remarkably Uniform. For instance in 33 days the loss in 

weight varied from 5.2 to 7.7 per cent, in 213 days from 

29.2 to 31.0 per cent, rid in 240 days from 37.9 to 40;0 

per cent . The percentage lose in weight at the tine of death 

shows even less variation. Fish 1 A 7 died on June 3, after 

243 days of starvation, with a loss in eeight of 40.7 per cent; 

2 A 7 di ed on June 7, after 247 days of stervetion, with a 

loss in weight of 41.4 pee cent; and 1 b 7 died on June 17, 

after 257 days of starvation, with a loss in weight of 41.5 

per cent. The greetest veriation in the loss of weight at 

the time of death in thes three cases is 0.6 per cent. 

Therefore it appears that there is a fairly definite 

(about 41 per cent) in the loss of weitht that a fish can 

endure. 

The loss in weight was considerably greater in the rionth 

previous 

starvati 

October 

follows: 

1 B 7 - 

to death than it we during the first month of 

on. During the first 33 days of starvation from 

3 to 14ovember 5, 1934, the losses in weight were as 

- 1 A 7 - 5.8 per cent; ti A 7 - 5.2 per cent; and 

7.7 per cent. During the 27 days from Lay 4 to Isy 

31, 1935, the losses in weight were:- 1 A 7 - 11.7 per cent; 

2b 7 - 

it will 

10. per cent; and 1 .6 7 - 15.2 per cent. On lezv 18 

be remembered the fish were transferred to a higher 

temperature and shortly after this the fish were attached 
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with fungus. 4-'o these two factors of te4pereture and fungus 

growth are responsible for the greater loss in weight during 

the last month of the starvation period. It will also be 

noticed in these two periods that the percentnge losses in 

weie: :ht were practically the same for 1 J 7 and 2 J 7 but was 

considerably greater for 1 B 7. Low 1 e. 7 end 2 A 7 were 

subjected to the same temperature since they were in the eerie 

trough but 1 B 7 was in a separate trough ynd the temperature 

WaS slightly higher. The mean daily temperatures in these 

two troughs were: from Gctober 3 to november 16, A 7 - 8.1 

and B 7 - 6.3 decrees centigrade; from Jenunry 14 to Lay 1, 

A 7 - 5.8 and B 8 - 6.1 degrees centigrade; the mean tem-

pereture for e 7 - 7.2 and for B 7 - 7.4 degrees centigrade. 

eome ides of the peculiar appearance of these fish 

due to starvation might be gained from fig. 34. iTactically 

all the loss in weight WPS from the :Jody region of the fish, 

the head region suffering little, if any, from starvation. 

The body appears to be laterally compressed making the pectoral 

fins and heed aypeer very prominent. 



lig. 34. showing shape of fish 1 A 7, 2 A 7, and 1 B 7 

(left to right) after a starvation period of 

approximately 8 months. 

Tabl e 15. 1ercentage loJs of iieikht in Starving Fish. 

Jate 1Jays 1 A 7 2 A 7 	1 B 7 

Nov.5/34. 5.8 5.2 	7.7 

Yay 4/35. 213 30.2 31.0 	29.2 

May 	1/35 240 38.4 37.9 	40.0 

June :/35. 243 40.7 
dead 

June 7/35 247 41.4 
dead 

June 17/35 257 41.5 
dead 
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Scale 	 Results 

 

Scales Aere removed from the left side of the fish at 

the beginning of the experiment and from the right side of 

the fish at the end of the starvation period. These scales 

were compared for scale absorption, checks -t the edge of the 

scale, number of ridges and lengths. None of the fish, either 

1 A 7, 2 A 7, or 1 :h 7, showed any definite check at the 

edge of the scale. however, some of the scales from each 

of these fish had 1 or 2 ridges at the edge of the scale which 

were slightly narrower than the preceding ridges but could 

hardly be called 8 check. 

There was no sign of ocale absorption which could be 

considered due to starvation, but there were a few cases of 

scale absorption mainly in regenerated scales which should be 

explained. In 2 A 7 nether normal nor reu.enerstud scales 

showed any signs of scale absorption. In 1 A 7 there were 

no normal seal s with any absor tion but there were two 

regenerated scales with absorption. in this discussion only 

the scales which were regenerated in the summer (1934) 

previous to the experiment are being considered, 811 other 

scales are called normal. Of the above two scales one had 

a gouge at the side and the other at the anterior tip of the 

scale. So this scale absorption was local, affected bot 

layers of the sc:- le but mainly the upper 1.yer, and Wr-6 in 

two ridges from the edge of the scale. if, as we believe, 

this scale absorption occurred at the beginning of the eperiment 

it shows that there were two ridges laid down on the scale 



during the starvation period. ;Aso the 1 or 2 ridges at the 

edge of normal scales from this fish, 1 I.,  7,appeared nar-

rower than in the scales 2rom the other two fish. And it will 

be remembered that 1 A 7 was in better condition than the other 

fish at the beginning of the experiment and also increased in 

length 2 mm. during the starvation period. Jo apparently there 

was some scale arowth during the time of starvation. 

In 1 i 7 one or two normal scales and quite a number of 

regener 

tion. 

ated scales showed local gouging due to scale absorp- 

There was no regularily to tais scale absorption. It 

occurred at the sides and tips of the scale, and included both 

layers of the scale but especially the upper layer. The 

gouges are quite deep an they differ from those in 1 A 7 in 

that they are not fillfd in with suLsequent growth. Low the 

examples of scale absorption outlined are the exception rather 

than the rule; there wee no regularity to the absorption; 

and it occurred almost exclusively in regenerated scales. 

For that reason it was stated that there was no scale absorp-

tion due to starvati)n. The cause of the scale absorption in 

a few of the scales was the loosenini, or displacement of 

these scales during the handling of the fish at the beginning 

of the c 

tion may 

occurred 

xperiment. it has been demonstrated that scale absorp-

be produced in that manner (see V 9). :;ust why it 

ciainly in regenerated scalee is perhaps because 

these cc 

Cre 

marginal 

incisor) 

ales would not be so firmly set in the scale pockets. 

aser (1'26) claims to have experimentally produced 

absorption of the scale in a bluegill (Helioperca  

and a small-mouther bass (ilicropterus doloHieu). 



thos 

tion 

than 

to t 

e of the side.  •  Lea it is more then likely that the nbsorp-

he observed was due to displacement of the scale rather 

starvation. 

The lengths of the ogles were measured from the focus 

he anterior tip of the scale. The ridges were counted 

from 

The 

are 

of r 

The 

aver 

afte 

The 

befo 

the lest winter check to the anterior edge of the scale. 

results of these meesurecaentw before end after starvation 

even in table 16. In each of the fish the average number 

idges after starvation was greater than before stervation. 

difference was between one and two ridges. eleo the 

ace lengths of the scales in the three fish were greater 

r the starvation period than they were before starvation. 

difference is quite coneiderable. 4nce the scales 

re starvation were taken from the left side end after 

ection is necessary. For it had been found that the corr 

lengths of sceles on the right side are about 4.5 per cent 

greater than those from the left side. eo the see le lengths 

before starvation have been increased 4.5 per cent and still 

the scale lengths efter starvation are greater by about .04 to 

This difference in the lengths of the scales would 

be equal to one to two ridges for a number of the ridges have  - 

.06 

measured and the average width of the ridges is about been 

-90- 

He found that not all the scales were involved but especially 

starvation from a similar position on the right side, a 

.C3 mn. Apparently then there is a perceptible growth of tee 

scales when the fish is being starved even though there is 

no increase in the length of the fish. 
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Tabl e 16. Scale LenEths (r:n1) and Number of Mdges (from 

last winter deck) before  and after starvation. 

Fish No. 	1 A 7. 2 A 7. 	 1 B 7. 

Star vation Before After Before After before After 

   

======lt 11111113=11 

  

No. of .0,idgs 17.9 

.988 

19.2 	16.5 
	

13.4 	16.2 	18.3 

 

   

.4.10•■•••■ 

Seal e 
mm. 

1.070 	.789 	.886 	.600 	.873 

    

Corr 
Seal 

ected 	1.032 	1.070 	.625 	.888 	.836 	•673 
e lengths 
mm. 

(C). Jexual .,sturit and .oneomitant Changes in 

;calos tid 'eding (, 4). 

In the spring of 1934 a grilse was ciptured iu a salion 

weir in St. John harbour. it was transported to St. Andrews 

and retained in the brackish water of the 'it. Croix River 

near the Atlantic Biological Jtation during the smilmer of 

1934 .. This was in connection with Jr. 	ntsman t s experiments 

on the effect of salinity on maturity. This experiment was 

completed on ;ovember 3, 1934 and the fish was transferred to 

a large tank in the basement of the isAological 6tation. it 

WAS retained here in brackish water, which is pumped from 

the river, until its death on July 20, 1936, i.e. for 625 

days or almost two years. The original intention was to use 
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this fish in a feeding experiment but this was found im l os-

sible due to the fact that it would not feed regularly. 

The weight of the fish et the time of der-th, July 20, 

was 5 polinds; its length to the mid-fork of the tail was 

62 cm.; it was a male grilse which was to be expected since 

Lost of the grilse are males. The cause of death might 

readily be assigned to confinement since the snout and tip 

of the lower j-w here worn considerably, also the bases of 

the pelvic fins as well as the tips of all the fins. These 

points mentioned would be the surfaces striking the bottom 

and sides of the ank. Of chief interest, however, is the 

fact that the fish refused to eat in the fall of the year 

durir, the time of sexual maturity. 

Feeding and Temernture ecords. 

As mentioned previously, this was not a planned experi-

ment and for that reason the records are not Ps complete as 

they might have been. The temperature records were taken 

from a thermograph operating in an adjoining tank but the 

source of the water supply was the same and the temperature 

in the two tanks suuld differ very little. The food consisted 

of whole herring, abut sardine size, and occasionally clams. 

The daily tempratures are shown in fig. 35 and the 

mean monthly temperatures are given in table 17. In 1935 the 

lowest temperature was in March with a mean of 3.1 °C. There-

after, the temperature increased regularly from month to 

LJnith until a maximum As 13.6°C. wrti reached in August. It 

emained high (13.0 °C) in eptember but dropped fairly rapidly 
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du ring the fall and winter to a minimum of 0.6 0C in February, 

1.9 36. In larch and succedding months the water warmed up again 

an i the temperature was still rising in July when the fish 

di d. 

Ta ble 17. 	ily Temperatures (I) 4_12.  

/1  

Year Lonth Deexecs 
Gent. 

1935 Peb. 	4.8 
larch 	3.1 
April 	4.9 

Py 5.8 
June 	9.3 
July 	12.4 
Aug. 	13.6 
Sept. 	13.0 
Oct. 	9.8 
Nov. 	7.6 
Dec. 	3.5  

1936 J ., n, 	1.7 

Feb. 	0.6 
idarch 	3.0 
April 	4.7 
kay 	7.5 
June 	10.4 
July 	11.1 

A complete feeding record of this fish was kept and the 
n 
number of herring eaten doily is shown in fig. 35. i number 

of times clams were thrown in to the fish, but altogether it 

at only four so in the chnrt these have been includod with 

th herrinc. During the fall and winter of 1934-35 it would 

no eat at all, but this was not considered excel tional 

because of the handling and the new environment it was con-

fronted with which usually upsets a fish. In April of 1935 

th. mean tor,tperature roe to 4 • 9 0  and in the latter kart of 
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April the fish started to feed. In i4iy, June. and July as the 

temperature rose the feeding increased. The maximum feeding 

was i 

feedi 

It wa 

three 

ate o 

quite 

the t 

Augus 

in e ' 

a July, but at the end of the month and during August the 

ng started to drop off. It dropped off so rapidly that 

e eating only one herring a day during the last two or 

days of August. During the first week of ;:eptember it 

nly two herring and after that refused to eat. Uo it is 

apparent that the feeding does not coincide exactly with 

emperature, for the maximum temperature occurred in 

t in which month the feeding was dropping off; and again 

ptember the temperature was still high and the fish 

ceased feeding after the first week of this monthy Tome 

factor other than temperature must have influenced the fish to 

cause it to cease feeding at this time. If it were tempera- 

ture, one would expect a more gradual sloping-off of the feeding 

curve to correspond with the down-trend of the temperature 

curve. From October to February the temperature decreased 

gradun ally and during the whole of this time the fish refused 

to eat a thing. The temperature started to increase again 

about the Middle of February and rose steadily from then on. 

The fi eh fed occasionally during Larch and April, and about 

the ml ddle of 1ay started feeding quite regularly again. 

Thus t he commencement of feeding after the winter fast seems 

to be quite definitely related to the warming up of the water 

both i n the spring of 1935 and 1936. After June 4th the food 

record is incomplete for the fish was fed slices of herring 

and the actual amount eaten was not recorded. however. it 



d 

p 

id feed regularly up until the end of June, but during July 

revious to its death on July 20 it ate very little. 

a 

w 

t 

a 

e some dropping in the water. The herring moving in the 

ater were always eaten before those lying on the bottom. 

hen all the moving herring were cleaned up, it would then 

tart eating off the bottom if it wes hungry enough. It seemed 

o have difficulty in perceiving the herring on the bottom 

nd also had more difficulty in picking up the food off the 

ottom. 

During the fall and winter when it refused to eat, usually 

t would pay no attention to the food thrown into the tank. 
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Feeding Reactions. 

When feeding the fish, the herring were usually thrown 

nto the tank faster than the fish could et them. In this 

ay there would be herring on the bottom of the tank as well 

But on several occasions, eight to be exact, it was observed 

to dart after a herring or clam, take it into its mouth and 

expell it again. Usually it made no atteLpt to swallow the 

food, but on February 3, 1936, it took a herring in its mouth 

and appeared to be trying to swallow it as it opened wide 

its mouth and gill covers eeTeral times, but finally spit out 

the herrinL. One might have thought that, due to the low 

temperature, the muscles of the oespphagus had contracted so 

that it could not swallow, had it not gone through the same 

anoeuvres on ,..arch 20 with several clams just six days after 

it had eaten four herring. Apparently, then, the fish had 

no desire to eat and the act of taking the food and even 
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going through the swellowine motions are merely instinctive 

or reflex acti ons . 

Scale Readings  and Spawning Larks. 

The scale s (fig. 36) show 2 years of river growth, l' 

years of sea g rowth and 2 spawning marks making the age of the 

fish 5 years a t the time of its death in 1936. ''hen the fish 

was trs.nsferred to the salt water tank in 1934 it was 3eyears 

old, the scales showing 7 ridges of sea growth for that summer; 

it spawned in the winter of 1934-35; during the summer of 

1935 it produced 11 scale ridges and spawned again in the 

winter of 1935-36; during the summer of 1936, previous to 

July 20, it produced 5 scale ridges. The 7 ridges of growth 

produced during  the summer of 1934 under netural conditions in 

the sea ere wi 

the summers of 

ier apart than those produced in the tank during 

1935 and 1936. AS" may conclude, then, that 

better growth is produced under natural conditions than during 

confinement. 

The pertinent fact reveled by the scales is that the 

fish was sexually nature in the fall of 1934 and again in 

the fall of 1935. As these periods coincide with the periods 

when the fish refused to eat, it would seem that sexual maturity 

might be the cause of the cessation of feeding rather than 

temperature since, ad noted above, the foed cerve dropped 

much sooner than the temperature curve. 
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Fig. 35. Daily teuperature and food-eonsumi:ytion in experiment D4. 

.A.g. 36. :i.xperiment D4; scale showing two spawning marks produced 

Wi-tile fish was retained in saltwater; -6e 2.1 + Mtali 1-  

( 2 years fresh water, 3yearssaltwater); SM 	pawitAgg 

mark. X 11. 
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In the case of the grilse (I) 4) retained in a saltwater 

tank the changes associated with sexual maturity were scale 

absorption and cessation of feeding. The identical conditions 

occurred on two occasions, in the fall of 1934 raid in the fall 

of 1935. Are these changes produced only under artificial 

conditions or are they comparable with what occurs under 

natural conditions? 

The mature salmon along the cost collect in the surface  , 

layers of water near the mouths of rivers in early spring 

and summer. Euns of salmon enter the river in the spring, 

at odd favourable occasions during the summer and in the fall. 

Dr. Belding has kindly suprtied some information on the feeding 

of riramichi fish in 190. Prom the drift-net fishery at 

the mouth of thr river 465 salmon were examined and only 7.2 

percent had food in the stomach. The wekly percentages of 

drift fish with food were as follows; 

eek ending June 21 --- 16.6 ncr cent 
ft 	 28 --- 8.1 
H 	 July 5 --- 7.5 

ft 
	

12 --- 3.3 
44 
	

19 --- 4.2  " 	 " 

After July 19 no salmon with food were taken. Of 249 salmon 

examined from the river fishery near Lillerton, about 36 miles 

from the mouth of the river, only 1 fish or 0.4 per cent had 

food i n the stomach. in the drift fishery of the LA. John River 

from une 22 to July 27, 1932, we examined 107 fish ,:ind 15.9 

per cent had food in the stomach. Therefore under natural 

coedit ions the salmon cease feeding even before entering the 
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river. ,k greater percentage are feeding early in the summer 

than later on, vihen the sexual organs would be wore fully 

developed. io the same relation between feeding and sexual 

maturity is found under natural conditions as was found under 

artificial conditions« 

ccompanying the ripening of the gonads the periphery 

of the scale is gradually absorbed, beginning at the posterior 

edge of the scale and working forward. in 1931 an excellent 

opportunity was afforded of studying the scales of 1.1iramichi 

fish compoeing the river and drift fishery from the beginning 

of June until the iddle of October. The percentage of these 

fish shoving scale absorption in half-monthly periods is given 

in table 18. The percentage for the total of drift and river 

fish shows that there ore no fish showing scale absorption 

during the first half of June. During the latter half of 

June there are only 0.6 per cent but in July the percentage 

increases rapidly from 19. per cent during the first half of 

July to 87.5 per cent in the latter half. For the remainder 

of the season the Tercentage increases more slowly and reached 

100 per cent in October, i.e. all the fish in October had scale 

ebsorption. Of the total sample of 1557 fish for the year, 

58.2 per cent showed scales with absorption. Fish with scale 

absorption appeared in the latter half of June in the river 

fishery (1.5%) and not until the first half of July in the 

drift fishery (J3). In both drift and river fish the percen-

tage increased fairly regularly as spawning time reproached 

but one peculiar thing is that the percentage for July is 

considerably higher in the drift fish than in the river fish. 
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Table 18. lereentate of river and drift fish of lArmichi 

i_ver 1931 showin: scale absor-tion in half- 

monthly periods. 

Date River Drift River 
and Drift 

Number of 
fish 	 

June 1-15 0.0 0.0 0.0 137 

16-30 1.5 0.0 0.6 310 

July 1-15 7.5 23.0 19.0 205 

16-31 79.2 96.1 67.5 257 

Aug. 1-15 99.6 99.6 224 

16-31 97.2 00 OW 97.2 143 

Sept.1-15 99.0 96.9 98.4 129 

1,2ii,‘30) 9o.9 100.0 99,1 116 

Oct. 1-15 100.0 100.0 36 

Total 72.6 35.3 66.2 1557 

Although scale absorption first appears along the 

periphery of the ridgeless posterior part of the scale, this 

part of the scale was neglected in recording the extent of 

absorption for the simple reason that it is hard to detect 

here due to the absence of ridges. In recordinL the extent 

of scale absorption the periphery of the ridged area was 

considered as divided into three equal Oirnensions, dtvision 1 

being the posterior third of the ridged area, division 2 the 

middle third, and division 3 the anterior third, right to the 
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anter for tip of the scale. The average extent of scale ahsorp-

tion was recorded in all of the sea groups ofiramichi fish 

in 19 31 from the beginning of dune until the middle of October, 

but o nly the 2-,  sea group ( 2 '-winters in the sea) is viven in 

table 19s it is the most representative Lroup. During the 

first half of June there were no fish with scale absorption; 

and during the second half of June scale absorption was 2.0 

(only 2 fish) for the river fish and there were no drift fish 

with absorption. In the first half of July the scale nbsorp-

tion was 1.3 for the river fish and 1.2 for the drift fish; 

in the second half of July it was 2.3 for both river and 

drift fish. There was no drift fishery in August but the river 

fish showed a scale absorption of 2.7 in the first half of 
1 

August and extended to L.9 in the second half of August. 

During the whole of :ieptember and Lctober the scale absorp- 

tion we 3.0 in both river and drift fish, i.e. it has extended 

to the anterior edie of the scale. All the other sea groups of 

fish also showed a similar increase in the nverage amount of 

scale absorption ns the season irogreesed. hince the extent 

of the scale absorption increas.s as spawning time approaches, 

it mus t in some way be connected with the ripening of the gonaae. 



Tabl o 19. Extent of Scale Absortion in river and drift fish 

of 2L-  Sea Gronp in iirarichi hiver 1.931. 

0. 0 June 1-15 	0.0 

0.0 1  -  Zi 	2.0 

July 1-15 1.3 	1.2 

2•9 16-31 

tApt.1-15 3.0 	3.0 

.0 due to the mechanical vicissitudes of river-life. it we 

1913) believed that it could n2t hrve its origin in the 

r assumed by the above authors because the condition, 

reduced :rior to entering the river. he suggested that 

rocess may be an anticipatory reductioh of the size of 

cele to meet the approaching reduction in girth of the 

man 

manne 

WRS p 

the p 

the e 
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Date 	giver 	Drift 

16-31 	2.3 	2.3 

Aug. 1-15 	2.7 

10-30 	3.0 	3.0 

Oct. 1-16 	3.0 

1;urierous theories have been proposed to account for 

scale nboorption. Johnston (1905) and Dahl (1911) believed 

Later Johnston (1906) suggested compression of the scales due 

to loss in , eight as the explanation of absorption. :laster- 



body, 

devele 

of the 

or it may be connected directly with the formation and 

pment of the ova. Crichton (1935) found that at least some 

sa:ie cells which are resl.:onsible for the laying down of 

the scale are also the ones concerned with the absorption of the 

scale material. In connection with the relation of scale 

absorp tion to the ripening of the sexual organs, he does not 

believe that the scale-material is used directly in their 

elaboration. Be suggests that the edale material night 

make good a. deficiency of a necessary substance, perhaps 

calcium, in which case it would be parallel with the condition 

in a pregnant mammal shere calcium-deficiency is restored 

by the absorption of material from the teeth and bones. if 

this were the case, one would expect to find more extensive 

scale absorption in females than in malee. But on the con-

trary absorption in far more extensive in male scales than in 

female scales. In fact sometimes practically the whole scale 

is abossbed in males which never occurs in 'female scales. 

This fa ct was first noted by .-enzies (1925) in 24cottish salmon 

and is also quite evident in our scale collections from 

0;1i- idle n salmon.  ' 

Si nce 30 to 50 1: er cent of the Teleost scale is inorganic 

materia 1, chiefly calcium phosphate, Someren (1937) recently 

had hop es of discovering the cause of scale absorption by 

Caleulo ting the serum ealcium values of a series of migrating 

salmon in relation to the degree of scale absorption. ne  

tund t hat female salmon show e progressive rise in serum 

calcium level until just before spawning, when it drops to 

subnormal, and remains subnormal, while the fish is a kelt. 
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ie male salmon, on the contrary, it remains fairly constant in t} 

until just before spawning . , when it drors to su normal. This 

variation in serum calcium he found was independent of the 

weight, length, condition and degree of scale absorption. 

It is believed to be a secondary phenca:tenon incidental to 

pituitary activity and growth of the gonads as in nmphibia 

and birds. The major cause of scale absorption he believed to 

be a potential minral deficiency during the migration fast. 

lie attempted to induce artificial absorption by feeding 

brown trout on a calcium-deficient diet but was unsuccessful. 

We had the same idea that fasting miLht produce scale nbsorp- 

t i o n 

but 

and a number of salmon parr were starved for 8 monthe 

, bsorption of the scales could not be detected. lie de- 

cided that in male saliaon the absorption is probably accen- 

tunted by a demand for calciuri for the development of secon- 

dary sexual characters, thus accounting for the greeter degree 

of absorption exhibited by melee. This idea presupposes some 

utility in the secondary sexual characters which is very 

doub tful. (Tchernevin, 1938). 

Although his results are interesting, we do believe there 

is another explanation of the facts concerned which, for the 

present at any rate, seems to be more saVsfactory. 	cele 

abso rption quite commonly occurs in scales which have becoiue 

twisted in the scale pocket; in these cases there is no con- 

nection with srowning whatsoever. In the new position of the 

scale the .long axis is sideways of the acale pocket so that 
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the anterior and posterior (or anterior-laterni nnd postero-

laterel .) edges of the cale are pressing ageinst the sides of 

the scale eocket. It is at these points that scale absorption 

usually occurs. It is suite possible then, that the nbsore-

tion of the scales in spewning fish is produced in a similnr 

manner if the rockets shrink in eize at this time. This, 

however, is not known, but mu in some way by connectedwith 

tie thickening of the skin at spawning time which is quite 

noticeable especially in mole fish. If such n mechnnicel 

explanetion of absorption is correct, it can reedly be under-

otoed why the bsorption coemences at the posterior end of tee 

scale and is greatest in this area. The reason for the scales 

of mple fish chowing greete ., absorption than the scales of 

female fish would also be clarified, In the next experiment 

(F 3) to be considered scale abeorelion wes found under con-

ditions which cannot be reconciled with these views. 

(d). ecale  bsorption and 41eneetasis ( -4i 3)  

A 2/-yeer-old amolt from the e;ti. John lintchery wes 

transferred directly from fresh water to salt v er on June 25, 

'0 The daily food and tempereture are plotted in fig. 37. 

For the first 39 days of the experiment from June 25 to 

August 3 the fish was well-fed, the mean daily food consumed 

being 5,8 slices of herrine. Vrom Auvuet 4 to 6eptember 30 

(97)days) it was fed only 2 slices ef herring a day. Vrom 

August 4 to August 25 (22 dye) it ate the 2 slicee of herring 

for several days but inter ate only 1 slice and some days 
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non e at all. From August 26 to September 30 (36 days) it 

abs olutely refused to eat even one slice. The plan of the 

ex'f .  eriment was to start feeding the fish all it wiYhed to cat 

in after a short period of ration-feeding but, of course, 

thi s we imeossible now that it would not even eat its ration-

too d. The two slices of herring, however, were thrown in to 

i t every day and the peculiar thing was that, even though it 

id not eat even a part of P. slice, it invariably took the 

eli ces in its iouth and tore them in bits. The men teupera-

tur e during the experiment was  

The length of the fish at the be4cinning of the experi-

men t was 190 mm. and at the end of theecperiment 208 trim., 

an increese of 9.5 per cent. Ihe v:eight increased from 60.5 

-s at the beginning to 70.0 grams at the end of the ex-

per iment, i.e. 15.7 per cent. 

Sea le liesults. 

Scales were removed at the beginning and end of the 

exp erimcnt. 'cales removed at the beginning had a trans-

ference check about 2 or 3 ridcee from the second ;:inter 

che ek and in one or two rid es from the ecie of the scale. 

Thi 3 cheek was laid dorn when the fish was transferred from 

the St. John 'Hatchery to St. Andrews on L4iy 20, 1936. 

is a photograph of a scale removed at the end of the experi-

men t. The various checks and the beginnine of the experiment 

consists of about 3 fairly wide ridgec, followed b 4 - 5 

narrow, r rid en, and at the edge of the scale 2 - 3 very 

narrow ridges. The interpretation is ee follows. The first 



     

U 
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3 or so wid ridges were laid down during the first 1.8 days 

of the vell-fed period when the feeding was between 3 and 6 

slices of herring per day and the temperature rising from 

11 to 15°C. The next 4 - 5 ridges, which were somewhat 

narrower, were laid down during the following Li days of the 

well-fed period when the feeding was between 5 and 0 elide 

per day and the temperature between 15 and 17 00. The 2 - 3 

narrow ridges at the edge of the scale were laid down during 

the ration-fed period. 

Along both sides of the scale will be noticed a fair 

amount of al:e:orption. Both layers of the sbale we ebsorbed 

but usually the outer 10er is more absorbed than the inner. 

The figure represents about the average amount of absorption. 

     

      

/Tactically all the scales exaedned were absorbed 	x e 

place or another, but a few were not bsorbed at all, or if 

they were it wee not very noticeable. ',;ome vere absorbed only 

slightly while others - ere etremely absorbed. 3cales were 

examined froN four different ;laces on the fish and they 

All showed the absorbed condition. The absorption, therefore, 

was certainly not crueed by scale displacement or a local 

injury. It !emit be something affecting the entire fish. The 

firth Was an ieempture femele so it is in no way connected 

with sexual maturity. eince the absorption wan at the edge 

of the scale and not filled in by subsequent growth it certainly 

occurred during the letter part of the experiment when the fish 

refused to eet. But it has been shown eleewhere thet etarvetion 

alone will tot produce scale absorption. ahen the fish was 

opened the spleen was found to be very black in colour and 
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abnormally lerge which might in some way be connected with tile-

scele absorption. The enlarged spleen was 3 or 4 times the siee 

of a normal epaeen and is shown in fie. 39 compered with a 

normal spleen in a fish of the same size, namely 208 mm. The 

abnorrnt&l spleen vies sectioned end examined by Dr. Aabinson of 

the Banting Institute. lie found coneiderable fibrosis of the 

spleen and indicatione were thet it was i disease similar to 

Banti's )isease but of this he could not be sure without nore 

material. he did not believe, however, that it we the result 

of ceseetion of feeding. 

.no her exemple of oplonectesis being nssociated with 

Beale absorption eras found while working over the selmon and 

trout material, collected by Drs. huntsmen and heirs in Cape 

Breton Hifehlends National Park, Jeleelst 1-3, 1937. The fish 

was a 2+ year-old parr, 131 mm. in length, and was taken in 

Roper Brook on the east side of the islend. There Was a 

check in the third suemer's growth about 5 ridges from the 

edge of the acole. The check wt's present in all the scales 

but n come of the scales there was slight absorption and in 

others there was extreme absorption. 	cales were removed from 

three different eoeitions on the body and the saree conditions 

were found in each case. It was then decidedthat the absorp-

tion woe not due to scale displr cement end upon opening the 

fish the spleen was found to be.enlarged. But it was not so 

large as the one found in fish F 3 which rfielay means that the 

fish was in the recovery etnge for the ebcorption And check . 

were not at the edee of the scale but 5 ridges from the edge 

so the critical stage wes passed a month or so previously. 
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There wns another check during the snme summer's growth about 

9 ridges from the edge of the scnle. There were oily 2 scales 

showing extreme absorption at thi.n check so it is difficult to 

BPy if it has Pny relation to spleneetasis or not. But in 

fish F 3 there WPB slight eale absorption at the second winter 

check and at the transference check in addition to the extreme 

absorption 7-t the edre of the scale (see fig. 38). In this 

case it does seem that the scales are susceptible to -bsorp-

tion wbenever the fish is not feeding very well but, of course, 

it is impossible to say thnt the absorption was due to or 

associated with nn enlarged spleen in each instance. In this 

connection the observntions of 1:iescher-Ruesch (1e80) on the 

spleen of mature 	are interesting. he found that in Lay 

it iu of normrl si7e, solid and brown in colour. '"hcn the 

fish starts up the river it betins to incr=sse in oize. At 

the end of July it is 15 - 20 times heavier than norual and 

assumes a darl:-red colour nnd soft consistency. It ->;ould be 

hard, however, to dissociate the effects of fasting mid of 

sexual maturity in spawninv fish. 
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Ft g. 37. .Oaily temperature and food-consumption in expert-

ment 26' 3 

11 g. 38. :Jxperiment 2 3; scale from fish with abnormally larLe 

spleen showing absorption at periphery; A absorption 

2nd winter check; :C = trnnsference checV; 

' - 

 

17e11-fed; RF 	rption-fed. 	21 
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Fie. 39. 	3 on the left and 	3 on the right, fish of same 

length, dissected to show abnor:flal oi1.7.e of spleen in 2 3. 

(e). 	cale Displacement  -,x-ceriment, V 9. 

comnonly in 1Nild fish scales nlay be found which 

hav(,,  apparently been twisted in the scale pocket. These 

often show varying deGreeu of scale absorption. 

n scales often ohow considerable absorption without being 

ted in the scale pocket but were perhaps dislodged in 

ntero-aaterior dirction. It is immediately a:Tarent 

a slight dislodgeent of a scale nay produce a olleck 

he scale with or without scale absorption depending on the 

of niavement. To elucidate some of these observations 

ideas an experiment in this direction *;:ts attaa.T:ted on 

 

lrnon smolt. a ea 

 

On October 2, 1935, the fish was anaesthetized with 

seal 

Aga 1. 

twis 

an n 

that 

on t 

amou 

and 

nt 
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ether. On the richt 'tide of the fish in line with the pose 

terior base of the dornel fin end immedintely shove the lateral 

line about 1,0 scales -, ere removed from their lockets and 

rut back in piece again. In asimiler position but in line 

the anterior he of the dorsal fin the 	in 7/11B rubbed 

sufficiently to loosen the scales without removing them entirely. 

A few were, however, accidentally removed in this operntion. 

way 

Wt. 13 

prom then on for 61 deys the fish was not hendled in any 

It was given all it wished to eat and the temperature 

uncontrolled (fig. 40). Both the temperature and feeding 

varied considerably from day to day and both showed a general 

dee 

The 

Line from the beginning of the experiment to the end. 

temperaeuredrop;ed from ar ued 10 ° C to about 6 0 , the 

mean temperature being 7.9 0C. The feeding dropped from around 

12 

the 

the 

the 

and 

dun 

to about 3 slices of her rig per day, the mean vrlue for 

two months' period beinL 7.0 slices per day. Aepprently 

edministretion of ether and handling etc. did Lot upset 

fish very ieuch for the operation -ens performed et 3.45 p.m. 

et 4.30 p.m. it ate 4 slices of herring. The growth 

Lng the experiment was 16 mm. or 6.1 per cent, the length 

on October 2 being 263 fir. end on December 2, 279 mm. The fish 

Was wei ghed at the comiletion of the ,xreriment only, the 

weight then beinv 242 grems. 

Scale Results. 

wer 

to 

As the operations of removing end rub trig the scales 

e performed on the right side of the fish, it was neceseery 

remove scale samples from the left side of the fish to 
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e normal scale growth previous to and durin the 

nt. 'xanination showed that sometime previous to the 

nt n very definite check was formed on the scales. 

s check to the beginning of the experiment there were 

wide *ridges indicating good growth previous to the 

nt. 'luring the experiment the ridges laid down were 

in number and were a little narrower indicating 

rowth. This was due to a decreasing temperature and 

ntly decreased feeding as shown in fig. 40. 

a scl 	'w es ere then examined on the right side of the 

rot at the posterior area of the dors41 fin here 

te scales had been removed and inserted back in the scale 

pockets. The scales in these pockets, however, proved to be 

regenerated scales, the commencement of regeneration coin-

ciding with the beginning of the experiment. This result 

was F.:lore or less anticippted because during the removal of the 

scales it was found very difficult to prevent the dirlodce-

ment of scales previously removed and inserted Is -, ck in the 

T .,ockets. ;Athough we did manage to put the fish back in the 

water with these scales in the pockets, the flexion of the 

body would be sufficient to dislodLe then again. 

In the area at the anterior end of the dorsal fin, where 

the skin 

tely and 

had been rubbed, the scales were also mounted separa-

xamined. These scales had a check about 4 or 5 

ridges from the edge of the scale and there is no doubt but 

that it wns produced by the displacement of the scales in their 

deterrnin 

experirne 

experime 

From thi 

about 6 • 

eAperine• 

about 4 

poorer g 

conseque 

The 

fish, fi' 

pockets. The most extreme case is shown in fig. 41. In this 
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example the displacement of the scale in the pocket caused the 

scale to be absorbed all the way around the edge and the 

absorption included both layers of the scale. The most ex-

treme absorption, however, was 2t the posterior edge of the 

scale. surrounding the absorbed edge of the scale are 3 or 

more ridges of new growth. The resulting check is quite simi-

lar to a spawning mark except perhaps that the contour is .:tore 

regular thus lacking the ridgeless scars so characteristic of 

spawning marks. In the left anterior edge will be noticed 

an indentation. In this location was situated n.sulall piece 

of scale material which was attached to the scale only at the 

anterior tip of the scale. The anterior half of this 0.ece 

of scale material contained rides and filled in the indented 

area of the scale; the posterior half was ridteless and 

projected beneath the scale. That the some absorption is in 

some way connected with the separation of the scale from its 

surrounding pocket is quite clear, but the mechanism at work 

is not so evident. .4eave . (see 'eteren 1937) believed that 

Certain cells 'Jere active in hollowing out the scale material 

to form ridges and that the absorption was due to the continued 

activity of these cells aftr tee scleroblnsts had ceased 

laying down acia.le E,aterial, iA.s hypothesis, ho ever, does 

not fit in with the facts for the osterior part of the scale 

contains no ridges and it is here that scale absorption is 

greatest in spawning fish. 

There was considerable variation in the checks pres!,21ably 

depending on the amount of movement in the scale pockets. 

Some of the scales were absorbed at the posterior edge while 
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ot hers eiere absorbed only et the anterior edge. ehile others 

ain ehowed only slight absorption of the outer liyer only. 

ie in example of the letter. ln such casee it is very 

di fficult to eay whether scale absorption is represented or 

LO t. 	or eormal scales quite often have inaietilict ridges in 

th e procese of formation at the edEe of the scale and if 

th eee ridges were left incompleted it would give tne appear-

an ce of slight cale absorption. In elany of the scales at 

an y rate the new ridges formed after the check were not parallel 

th the old ridges and the nev erowth appeared quite similar 

to that found nfter a spawning mark. The two mont prominent 

fe aturea, then, of a "displacement" cheee (when the scales nre 

no t distorted mi.fch) ere scale absorption and the irmeularity 

of the dieection of the rideee. Jarvi and leenzies (1936) 

ev idently did not know that a displaced scale might be absorbed 

at the edge. In diecuseing pneudo epawning marks due to en 

in jury to the akin and conswquent displacement of the scales 

th ey noticed that the junction of the growth before and after 

th e ire:Jary leaves a scar on the surface. Concerning the 

re semblence to n spawning mark they suys "'euch scar, however, 

if carefully examined does not closely resembbe that of a true 

spawning mark wince the edge of the ueale at the scar is 

intact and not serrated as ie the cane after absorption." 



Fig • 40. T,)aily temperature and food-consumption in cxperiment V 9 

Fit; • 41. 1xperiment V 9; scale showinu; very cifinite check (DC) 

1.4ch 1.1) .30 -.ption duo to diepiactmient in locket. 
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42. 	4Tkiriillent V 9; scale showing slgight check (AC) 

with little or no absorption due to displacement in 

pochet; on loft side note that outer 4 ridges are 

not parallel with previous ridges 

(f) iieiwneration of Jcales  (N 1)• 

4hen a fish loses a scale, accidentally or otherwise, 

w scale c,rows in its place which is abnormal in the 

e that it has a large focal area withut any ridces. 

abnormal scales are usually spoen of PS regenerated 

es and are frequently encountered in scale studies. 

xperient was carried out primarily to determine the 

at which such scales are reuenersted. Both cott (1911) 

Creaser (1926) have shown experiuentally that lost 

es will be replaced by scales with large focal eras. 

The experiment was conducted in fresh water on a 

enr-old salmon smolt, which was obtained cn Lay 20, 1936 

ne 

Bens 

Juch 

B eal 

An e 

rate 

and 

c cal 

2 y 
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at the 5t. John Hatchery. On July 17, 1936 it was anaes-

thetized in ether solution and the second to the si:ith scales 

dorsad from the lateral line were removed from a row of 

scales on the right side of the body near the adipose fin 

(fig. 43). This row of empty scale pockets was used as 

a guide mark in the remove:I. of other scales. From the 

third antero- osterior row of scales dorsal to the lateral 

line the fifth scale anterior to the guide Tf6rk was also 

removed on the same date. La ter every other scale was removed 

from this row of scales zt intervals of time decrees- 

ing from 9 days to 1 da. hor example, the seventh scale wa s 

removed g days after the fifth, the ninth setae 8 days after 

the seventil and so on. (table 20). The fish was kklled one week 

after the last scale had been r&loved. The exact position Of 

guide mark ecalee and the antero-posterior row of scales 

may be seen in fig. 45, 

2E2LILaa r"cal" ,  

Before removing the regenerated 	 frolA the scale 

pockets a diagram was made of the appearance of the exposed 

portion of these scales in relation to the noreeil set:lieu 

surrounding them. (fig. 44). The guide mark scalea and 

scale number 5, which have been regenerating for 59 days 

appear to be of normal size as well as scale number 7 which 

has been regenerating for 50 days. 	cale number 	regen- 

erating for 42 days as well as all the other scales of less 

regeneration time are quite noticeably smaller than adjacent 

acalee. hoale number h3 regenerating fqr 8 days was barely 

evident while scale number e5 regenerating for 7 drys s not 



in 

v 

no 

tha 

the scale pocket. Cf course it is hard to say whether 

ery Roan scale pits present or not but since there was 

difficult in findinc scale number 23 it i quite possible 

t several days intervene before the formation of n new 

le. s ca 

for the first 17 days and from the 17th to the 59th day the 
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exposed at n11 and incidentally could not even be found 

In determininv the rate of scale growth the dimension 

most t comm)nly used is the distnnce from the focus to the 

anterior edge of the scale. As young regenerating scales 

do not have any ridges in the centre of the scale to form a 

definite focus the two diameters were measured, the longitu- 

dinel or anteroosterior and the transverse or doreo- 

yentral. in fig. 45-46 the rate of growth of each regenera- 

ting scale is compared with the size of the scale that 

originally occupied the sane i.ocket. The antero-posterior 

diameter of the regenerating scale increases very rapidly 

increrse is more or less uniform but not nearly so great. 

After 50 days the regenerating scale is exactly the same 

site as the original scale and after 59 days the regenera- 

ting scale is larger than the original scale. Thus it is 

quite obvious that the fish h's been growing during the 

experiment. The dorso-ventral diameter of the regenerating 

scale increases uore rapidly than the antero-posterior dia- 

meter as it reaches the size of the original scale in about 

35 days. Go t  if the fish had not ,:rown any during the 

experiment the rate of scale regeneration would heve been 

50 days for the entero-posterior diam: ter and 35 days for 



right side dorsalward over the letck of the fish to the left 
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the dorso-ventrpl diameter. 

In order to detereline the time it takes the regenera-

tine scales to c-tch up to the normal r te of the fish it 

is necessary to cofepare the size of the regenerating scales 

wit h the size of scales which had not been removed during 

the experiment. Obviously normal scales from any part of 

the body will not do as these vary considerably in size. 

Two methods have been emeloyed as outlined below. 

In the row of scales on the right eide of the fish 

con taming the regenerating scales there is a normal scale 

on either side of each regenerating scale so the average 

value of the two scales adjacent to each regenerating scale 

should be a fairly representative value of normal growth 

with which to coeeare the size of the regenereting scale. 

These reselts are shown in fig. 47-46. Both the antero-

posterior and the dorso-ventrel diarneters of the regenera- 

ting scales almost reach the normal scale size in 50 Jaye 

but neither actually reaches the normal even after 59 days. 

The last eert of the curve for normal scale size is eerie-

what lo -eer than it should be b0eauee one of the scales 

used 1 in nveraging the last two points was a regenerating 

scale and consequently smaller then normal scales. ex 

this is the important part of the curve it would be better 

to compare the size of the regenerating cales of the right 

ide with the size of corresponding normal scales from the 

loft side. hxactly corresponding scales were easily de-

ter , Aned by following the guide mark row of scales of the 
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side and in the third row of scelee dorsal to the lateral 

on the left side the required scales vere counted line 

 

forward from the guide mark. In fie,. 49-50 are the curves 

showing the relation between the sire Of these normal scales 

of ti le left side and the siee of the re eeneretinfe scales. 

Here agnin the antero-posterior diameter of the regenerating 

scales has not reached norrei1 scale size even after 59 dnys. 

The dorso-ventral diameter on the other hand reached normal 

size in 40 days. 

So from the above results on the rote of crowth of 

regeneratinL scales it :ay be said that the dorno-ventral 

diameter increases at a faster rate than the nntero-eosterior 

diameter and reaches the size of the original scale in about 

35 days and the size of normal scales in :bout 40 days. 

The t tntero-posterior diameter does not reach the size of the 

original scale until about 50 days and did not reach the size 

of normal scales even after 59 days; as the experiment 

lasted only 59 drys it cannot be said just how long it would 

take this diameter to attain normal t rowth. 

On examining regeneratinc scales from this same fish 

other than the ones experimented on it was noticed in a lerte 

number of them that the exposed posterior field of the scale 

is Ml tch smeller and narrower in relation to the remainder 

of the scale than is the case in normal scales. :Figure 53 

is as striking example of this condition. An will be noticed 

in thie figure the posterior field of the scale is also 

 

distorted from the main longitudinal axis of the scale. 

This distorted condition, however, does not occur re 



frec Iuently as does the smallneee of the posterior field. 

fish 'e 5 a number of smell regenereting senles were 

ed nnd in removing these ecrles it was very difficult 

eet the forcers in under the posterior end of the scales. 

aumably the reason for this wee that these scales hed 

yet grown up into the overlying eeidermis. Zio whet 

believe happens, when a scale is lost, is that the 

ken ends of the epidermis grow toe ether before the new 

le file the pocket. As tee new eeele increases in size 

live to force its way into the epidermis. This view 

id expinin the emallness of the posterior field of a 

enerating Beale and also the fact that the dorno-ventral 

.meter regeneretes at a faster rate than the sntero- 

terior diemeter. 

Formntion ef iAdteu in ilegenereting eeales. 

The nuelber of rides elong: the entero-posterior exis 

of the regenerating scales are recorded in table 20. There 

were no ridges on the scale after 6,10 end 13 des of 

regenereting time (fig. 54). At 17 days there were 2 

ridges and from then on the number of ridges iricreesed 

Lrly reguierly up to b ridges at 59 deys (fig. 55) 	By 

re rerring to fig. 45. the number of ridges on the regenera-

ting scale may be correlated with the regeneration rate of 

the antero-posterior dieeeter. From 10 te 17 drys the e-

generation rate wee quite repid at which time there were no 

ridges on the scale and from 17 to 59 days the regeneration 

ra te was much slower and the number of ridges gradually 
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increased from 2 to 8. 

  

e specing of the ridges is similarly deter fined by the 

reeneretion. The first rides that ere laid down 

 

Tb 

  

rate of 

 

Le scale is growthe; rapidly nre very eide apart and when tY 

the ridges ere cloeer together PS the scale grows more 

  

RS it approaches the normal size. A check ie formed 

regenerating cale wen it coeeletely fills the 

slowly 

 

  

on the 

  

scale pocket and resumes normal scale growth (fig. 5). 

The nature of the cncch varies considerably prosnuably de-

pending on the rate of growth of the fish at the time. In 

some cases there ere to or more ridges very closely ap-

proximated while in other insteneen the spacing of the 

ridges 

ridge 

in det 

injury 

formed 

3t. Jo 

posses 

tered 

grades more or less insensibly into the normal 

spacing. f.;12ch a check might be ueeful at any time 

ermining the nize of the fish when a particular 

occurred. Fig. 52 elso shows .e transference check 

on the scale wnen the fish wes transferred from the 

hn Hatchery to the experiental troughs at ;,it. i'ndrews. 

he large focal area of regenerating scales does not 

e any ridges but it does have small elevations ecat-

irreeulerly over the outer surface. 	hey give this 

part of the scale a granular appearence and can easily be 

felt wit ti a fine probe. iherefure the oeteoblasts which 

produce the outer layer of the scale e)et be irregularly 

arranged ween the regenerating scale, ie firet being laid 

down. They do not become regularly erranged around the 

periphery of the scale to form ridges uetil the rate of 
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• growth 

as hRs 

are tai 

is no d 

of the regenerating scale he plowed down somewhat 

been shown above. Also the first few ridges that 

d down are very wavy and irregular (fig. 52) which 

oubt due to the ktregulnr outline of the young regen- 

erating scale which is quite Larked in fit. 54, a scale 

that h e been regenerating for 10 days. This sugLests 

that forking f ridges so often found in normal scales is 

likely caused by an increased growth rate of that particu- 

lar iart of the scsle. 

As the osteoblests, which produce the outer layer of 

the scale, are found normally only et the periphery of the 

scle the regeneration of a new scale in the centre of the 

sca l e )ochet would necessitate either the migration of the 

osteoblasts to this area or their forration from other 

cells. 

likely 

Concerning this :;ealre (1936) states, "It seems 

that the follicle cells play an important part in 

regenerating scales, for removal of a scale involves rlso 

the loss of n11 or most of tYe osteoblasts". 

scales 

(ckman (1932) rejects the interpretation of abnormal 

as being these formed to replace scales which have 

been lost. From one salmun he e:amined 113 scales from the 

side and belly of the fish. lie says that 53.1 per cent, 

30.9 per cent and 11.5 per cent of these scales were laid 

down in the let, 2nd and 3rd years respectively in the 

river and that 1.8 per cent, 1.8 par cent end 0.9 Ter cent 

ere laid down reapectively in the 1st, 2nd and 3rd years 

 

SCR. 1-e believes that these proportions show that the in the 

abnormal scales cannot be regenerated scales but must be 



new scales intercalated between older ones. All Of the 

stales on 71, fl .sh are certainly not laid down at the same 

time but his results do not show this as it is also dee 

finitely knowr i  that scales are regenerated and he makes no 

attcmpt to distinguish between a regenerated scale and one 

newly formed. :eoreover, he states that the widths of the 

rings surrpunding the focal area of these abnormal scales 

are much greater than are found in normal scaled but he is 

apparently ure 

widely spaced 

were thet regenerated scales also ioesess 

rings before they reach nermal scale erowth. 

rowtli of the  -Ash during the -ex eriment. 

The fish shoved good growth during the 59 days of the 

experiment. it grew 5 am, in length, from 2.6 to 27.6 cm., 

an increase of 22 per cent; the length was measured to the 

mid-fork of tl e tail. It might ee mentioned in this connection 

thrt the totel 

experimental 

somewhat worn 

in weight wee 

111 per cent. 

The food 

length 1.2 very often unsatisfactory for 

ei.reoses as the tips of the tail arc usually 

by chaffing against the trough. The growth 

from 103. exems to 217. gram, an increase of 

consisted of olicee of herring and the daily 

temperatures and food-consumetion are Blotted in fig. 51. 

The temperature curve shows no definite tread but the food 

curve snows steady decree se from Auguat 8 to the end of the 

experiment which cannot be coreelpted with temperature. 

The detne when the fieb WP.3 removed from the trough, 

anaesthetized and a scale removed, are marked on the 
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aboc 

quit 

the 

the 

the 

of t 

issa in fig. 51..Ince the intervals of time betWeen 

e dates decrease from euly 17 to :,eptember 7, it is 

e 1:rotatable that anddling the fish so frequently cued 

decreased food consumption fror Auk;ust b to the end of 

experiment. 

All of the ecalea reoved from this fish at the end of 

experiment had one or two indistinct ridges at the edce 

he scale which .eere very often incomplete enteriorly. 

It was first thought that this •Lis a mild form of scale 

  

rption but as it occurred on all of the scales it is 

oubt a slowing d . lqn or complete cessation of scale 

abso 

 

no d 

growth coincieent with the poor feeding exhibited oy the fish 

during the last week or SO of the experiment. Uf the 

various scales removed from the living fish only those 

removed eptember 4 eld after cosseseed tL.ese indistinct 

ridges so they seem to be quite definitely related to poor 

feeding (see fig. 51). 



g. 43 :ialmon splolt in experiment 14,1 showing ventro-
dorsal row of "guide mark" soalea and the ,ostero- 
anterior row where every other scale WRS removed 
at time intervals vuiving from 1 to 9 days. 	.3 

Low the regeneratinL scales (stippled) aTjeared 
at the end of the )eriment (NI) in relation to 
adjacent norrael scales, the regeneration time of 
these scales i'Jeing given in table 20. 

g. 44. 



45. Experiment i 1: rate of Growth of antero-posterior 
diauieter of recenertioa scles compared ,:11th the 
size of the original scales removed from the aLie 
pocketu. 

46. xper1merit N .  1; rate of crowth of dorso-ventral 
dimeter of reEenerating conies compared with the 
size of the original scales removed from the sane 
pockets. 
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47. Lxperimeht N 1; rate of growth of antero-Iosterior 
diameter of reLeneratinc, scales compared with the 
average size of the two &djacent normal scales in the 
BP.M0 row. 

48, 	xperiment 	1; rate of crowth of dorso-ventral dirwieter 
of regencratin7 ecnies com:pnrcd 711ith the •veraL;e size of 
the two adjacent rp,Jrmel scales in the same row. 
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rig. 49. Experiment N 1; rnte of rowth of antero-;2osterior dia-
meter ef reeneroting scales (right sideo compered with 
the size of corresl , onding normal scales from the left 
side. 

ii • 50. iZ,:xperiment N 1; rate of growth o± dorso-ventral dia- 
meter of regenerating scales (right side) compardd with 
the size of corresponding normal scales frou the left 
side. 



Pi FO 51. .Daily teporature and food-consumption in experiment 
1; the longer ordinates on the abscissa denote dnys 
hen the fish wns anaesthetized cd a senle reoved. 

Fig. 52. 	egenerated scale showing lar6e focus followed by wide 
ridges formed during regeneration and narrow ridges 

normal growth conces; . C; 	71713:elterat'on 

check; TC = transference check. 

A 



53. A regenerted scale showing .  the sAlall si7e of the 
posterior field and the distortion of the same frog the 
mPin rxis of I.Jle sc71P. X 18. 

Fig. 54. :]xperiment N 1; a ret;enerating scale (Jcale No.21) 
without any ridges - ..74;eneration time 10 daa. X 21. 
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• Exper!nent K 1; a rcgenerrtitE scle (ScFde 7.Jo. )3) 
with 4-5 ridges - rggenerrtion tiale 28 days. A 21. 

-41 



Drite of 
Removnl 

iiegencration 
Time of aew 
jcales in Days 

1'o. 	of .A.dgcu 
of New 3ealea 

Time of 
Bemoval 

July 

•Oss.smiNp.m,•* 

17 „  59 2.40 p.m. 

26 7 12.45 

Aug. 3 42 5 3.47 

10 35 6 2.16 p.m. 

$ 17 28 4 3.45 p.m. 

23 

s■••••011.110.1.0.1* 

3 1.24 p.m. 

SP 26 

■■■••■■•••■••••••11...M. 

2 2.39 p.m. 

Sept. • 13 0 1.57 p.m. 

4 16 U L.10 

6 3 C 2.27 p.m. 

7 2.16 p.m. 

Jept. 14 2.15 p.m. 

Scale 
No. 

a/Mers/les.... 	 •1111110111.10 

5 

7 

11 

13 

15 

17 

19 

Killed 
fish 

sas1.111.111•0141111 
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Table 2( Time and date  of Removl of .cales  from 	stero- 

Aqvterior line of scales of  rii;ht side, the 2 . n.p.ra-

tion Time of new Scalee, and the number  of rides on  

New cales.  

.pssmapoossoss......PPI* 

sysploppmasssms* 
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MUteRAL DISCION 

ffect of Regenerating Scales on Adjecent 

i.oria1 Jceles  

In experiment V 9 10 scales on the right side of the 

fish opposite the posterior base of the dorsal fin and im4 

mediately above the lateral line were removed from their 

pockets and put back in pince again. These acelee, however, 

did not remain and new scalea rere regenerated in these pockets. 

The normal scales nurrounding these regenerated scales were 

carefully removed and examined to see if they had any checks 

which !light be attributed to the growth of the regenerated 

scales. The normal ucalee adjacent to the area of regenereted 

scales.were retraced in growth and this shoes up on the scales 

as 1 or 2 narrow discontinuoue rie:.e forming n. check. *Alen 

a check is shorn in fig. 86 which is a photograeh ,J17 a neves', 

Beale irmedietely anterior to 4 regenerating -  ecalee in the 

same row. The ceck in followed by sevceal wide ridges so 

it in quite clear that the e;rowth ie retarded mainly or 

perhaps only during the early stages of scale regeneration, 

i.e. when the cale is regenerating the festest. The 

ninth normal scale posterior to these regnnerating ccales 

Is shown in fig. 57. The five ridges at the edge of the 

scale nre narrower than the preceding ridges and were laid 

down during the experiment. At the fifth ridge from the 

edfte of the ecalc, however, there in no definite check 

similer to that in fi. 56 indicating that the growth of 
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this seal e was not reterded by the rapid rowth of the 

 

regenerating Dealer. The normal emles eurroundinv neveral 

isoleted, eingle regenerating scales were examined but no 

appreciable check was evident on these scales. Apparently 

then, the definiteneee of the check on normal scales de-

pends upon the number of ecales which are being regenerated 

in that vicinity. 

In fyi est of the experiments about 50 or 60 scelee elere 

removed at the comencoment of the experiment. In fifteen 

of the ft sh the scabs eurroueding thie area hove been 

carefully exnelined for checks due to scale regeneration. 

In an ant ero-posterior row of ocalee passing through the 

regenerat ion area from 20 to 30 of the enterior and eouterior 

ecelee were mounted separately). Doroal and ventral to the 

regenerat 

In t 

due to ha 

ion area the sCales were mounted together. 

c en of the f 4 h the normal scales ossessed checks 

lulling etc. where the checks due to regeneration 

should appear. These checks confused the louse coneiderably 

but never 

appear to 

and F 

rith. At 

thelenc the checks neer the regenerntien area did 

be greater. Two of the remaining fish, nemely P 1 

however, were more satiefectory specieuens to work 

the beginning of the experiment these fish 

uere anaeothetized and evidently handled very carefully for 

Lhere Wae no definite check formed on the scale but merely 

the trans ition from wide ridges previous to the experiment 

to narrow 'er ridges during the exeriment. Thufi, although 

there was not a check to be confueed with the regeneration 



check, 

ridges 

tion c 

oce1eu 

checke 

The eh 

distan 

been r 

but a -p 

Ii 

ecales 

eurrole 

WRB 1'01 

it did 

aMount 

the transition from the wide ridges to the nerrow 

fvrmed a definite indication as to where the regenera-

aeck should be if resent. In both of these fish the . 

near the regenerated oceles showed feirly definite 

in the form of 2 or 3 discontinuous, narrow ridges. 

.Jck, however, Co id not be traced more than Z, scales 

t from the regenerating scales. If more scales hed 

emoved it feight hove affected eore distant scales, 

perently the retarding effect of the regenereting 

on the normal scales is quite locel. 

loLher thing that is comonly found in the scelee 

riding regenerating scales is scale absorption. It 

Ind in prectically all tee fion examined although 

occur more frequently in some than in others. The 

of absorption v , ries cenriderebly; in some scales it 

ir very slight while in others o fair ,cortion of the scale 

was absorbed. slight ))sortion, however, vs more commonly 

 

There wee no regnlerity to it. It mii:Mt occur fo rd. 

 

locelly anywhere are rid the edge of the scale and in extreme 

CISCS 

absorp • 

Does V. 

the edge was 7eheorbed all the way around. Aloo the 

on certainly occurred at the time of Beale r ernoval. 

Lie then mean that absoretion of the normal ecalee 

taken elace to oll-141y the fast ;rowing regenerating scales 

with the necessary materials for roeid growth?' eie think 

not. 

when ti 

the cat 

:t has been shown that scale absorption takes llace 

le sceles are displaced. Ind this quite surely is 

Ise of scale ebsorption in these cases. sue to the 
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O V 3rlapping of the scales it would be very difficult to 

CC 7ape off a large patch of scales without disturbing the 

surrounding scales. Also',  of course, some of the scales 

ml ht accidentally be displaced in this operation. 

That the absorption of normal scales surrounding 

re enersting scales is not caused by the regeneration of 

new scales but by scale displacement oan be shown in three 

of the experiments. In the experiments 1 A 7, 2 A 7 and 

1 B 7 the fish were starved to death, the time requiring a 

ii :tle over eight months. scales were removed nt the corn- 

cement of starvation and new scales grew in to tse 

th air place. If the absorption of normal cales is due to 

th 3 regeneration of new sceles, then the scales of then( 

fi 3h should show more absorption than the scales of fish 

wh Lch had been fed -fter scele rectovel. This did not 

pr we to be true. In the entero-sosterior row of scales 

ca 3sing through the regeneration area the Isolated cases 

of scale absorption were as follows in the three fish. 

In 1 A 7 the eleventh and thirteenth anterior ccalss were 

sl Lghtly absorbed and the fourteenth considerably absorbed; 

th remaining anterior scales showed no sign of absorption; 

no is of the posterior scales was absorbed. In 2 A 7 the 

tw 3nty-nintki anterior and the second losterior scales were 

a Little absorbed; the other scales showed no sign of 

sb 3orption. In 1 B 7 not one of the anterior or losterior 

scales as absorbed. dome of the normal scales dorsal end 

ye atrel to the regenerating scales in the three fish were 
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also absored. They showed onl:/ slight absorption in 1 A 7 

but i n 2 A. 7 -;rici 1 B 7 the absorption was quite extensive 

in some of the scales. however, in these cases the same 

amount of absorption was exhibited in the completely regenerated 

scales also. This shows clearly that the absorption wss 

not due to the regeneration of new scales for the new scales 

were 

most 

already completely regenerated when it oocurred. The 

probable explanation of the few examples of scale 

absorption which did occur in these fish would be the 

displacement of the scales. 3ince the scales of these 

starved fish did not sow any more indications of absorp- 

 

than did the scales of well-fed fish, it is uite tion 

apparent that normal scales surrounding regenerating scales 

are not absorbed to supply materials to the regenerating 

scelee. Any absorption which does occur must be considered 

due to some other cause. 



Fig. 56. :Scale from fish V 9 adjacent to regeneratdd scal:s 
showing that growth (C) was retarded by rapid growth 
of regenerating scales. X 18. 

Fig. 57. 	ca1e from the same fish am fig. 56 and in the same row 
of reales but from te 9th rocket posterior to the re-
generated scales shoving that growth W was not re-
tarded by rapid growth of regenerating scales. X 21. 



some ';xceetionally emall  

Shen scales are removed from a fish nevi scales grow in 

to take their places. These ecelec grow rapidly et first 

and in a month or so reach the size of nortstl scales. curing 

the early stages of regeneration of course there scales 

are small compered with the normal scales. Although most 

of the regenerating scales eventually reach the size of 

normal scales, some of them are retarded in growth and 

remain small compared with the fully regenerated scales or 

with the normal scales. 

In fift 

scales had b 

presence of 

of the fish 

were foend 

r,xceptfbr si 

exactly like 

are distorte 

parts of a s 

were broken 

sceleS invar 

large regene 

cen of the experimental fish the areas where 

een reviously removed were examined for the 

thesc . extremely small scales. In 33 per cent 

ahyWhere from 1 to 21 of these small scales 

n en area of nbout one half a Square inch. 

ze the mejority of these small scales look 

the large regenerated scales; some, though, 

d into queer shapes while others appear to be 

cale; whether they actually grew that way or 

off in removal is hard to say. The small 

iably possessed a few ridges less than the 

rated scales. For example, if there were 11 to 

the large oceles, there would be 8 or 9 ridges 

scales. There is usually a slight variation 

of regenerated scal0 /0 and it is quite eat:1;i to 

12 ridges on 

on the small 

in the size 

see that this might readily be due to the more rapid growth 

of the larger ones thus crowding out the smaller ones. 

tke extremely small scales certainly could not be 
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explained on thet basis. The explanation was found when the 

lexge recenereted scales were picked out one by one insterd of 

onaping off P large number at a time. Five different examples 

wer e found where a small scale wes situated beneath the posterior 

and of a large scale, being coapletely covered by it except for 

the posterior tip. 3ince these scales were definitely associated 

tog ether the number of ridges in the sall and large scales 

res pectively will Le given, nemely 4 and 7, 4 and C, 5 and 8, 

4 a nd 5, 9 and 11. Due to the presence of the small scales 

the le)sterior ends of the large scales were somewhat stunted in 

Cr° wth. Normally the - osterier end of the scale e rounded 

but in two of the scales it wes straight across end in the 

thr ee others it was indented where the smell scale was situated. 

The shape and reintive siees of the large end small scales 

tray be seen in fig. 56. These two scales were taken from fis'e 

A 4 • The amount of overlapping is indicated by the epidermis' 

bei ng left intact on the smell scale. 	e can be cure that 

the small scale represents an additional scale and is not 

meney the result of crowding by the other scales. i:or nor-

mal ly one scale does not directly overlap only one scale 

behind it but the adjacent edges of two scales. Also the 

pocket containing the small scale was situated directly beneath 

the pocket of the large scale end was exactly the size of the 

sma .11 scale, it must be assumed in these cases that when the 

S le was removed two regeneration centres were set up in the 

same pocket, one anterior rnd the other posterior; the rate 

of rowth was faster in the anterior regeneration centre and 

therefore produced the larger scale or else regeneration began 

I 
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earlier in this area; instead of the two scales using together 

nnd forming one double scale the posterior one grew in under the 

anterior one in such a way that a second pocket was formed. 

On the other hand regenerated scales have been found where 

evidently two such scales had fused together to form one 

double e cale in the snme 3ocket. 

The small scales just described all occurred in experi-

mental fish of smolt size and the scale growth consisted of 

part of 

the adul 

of small 

one suemer only. in the scale samples collected from 

t salmon of the 3t, John River in 1932 a fair number 

scales were noted and at that time the explanation of 
the occurrence of such extremely small scales was puzzling to 

sny the leant. A few of tliese will be briefly described. On 

a salmon 90 cm. in length were found 3 small scales which 

were regenernted during the smolt stage and possessed 3 yeers 

of sea growth including a spnweniing mark. A 77 Cr:. salmon had 

scale regenerated during the second suener in the 

L showing one year of river growth and 2eyears of 

h. A 78 cm. fish had 2 small scales regenerated the 

!.11nez in the sea and showing 14years of sea growth. 

en. in length had 1 small scale regenerated during 

summer in the sea and ahowine 2 **years of sea growth. 

n 80 cm. fiuh had 17 small scales regenerated just 

second winter in the sea and showing only n few. 

suemer growth in the sen. The small regenerated 

scales, therefore, might appear at an; time during the life 

of the fish either in the river or in the sea, i.e. 90 small 

one small 

river and 

eea grewt 

second su 

A fish 83 

the first 

Finally a 

after the 

midges of 

-11 
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parr or large sea Balmer!. It might be mentioned that in the 

above scale seeilles tre each of the fieh there were normal 

ecalee as well as both large and small regenereted scelea. 

By compering tne years of growth on the regenerated scales 

with the years of growth on the noreeil ecalee it is a simple 

matter to determine the tix of ecele le4,eleeetiee. *The 

small regenerated scale show tilts' true aee of the fish. eub-

eequeel to regencretion, and in this respecte seedier to 

the large regeneratea oceles except that the winter checks 

are not co distinct. ILUti the main dietinction Letween the 

two types of ecel 	ie in the orl), the di:ference ir nize 

being due to the fact that the large type ecetTieks the on-

ginel cee)e yocket while the =ell type forme an entirely 

new pocket. 

58. :I-lowing steppe and eeletive eiees of two regenerated 
ecelee which replaced one lurt scale; the small ocale 
are in P eevrete Foceet beneeth the lare seek with 
only the dark eree exposed. e: 
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lerrect of Tceeereture on Feedinfei 

es the temperature affects the metabolic rote of a fish, 

it ma turally haaa coneiderable inf/uence on feeding. This 

wae n oted in all of the experimente.whether the fish were con-

stunt ly at a high or low temperature or whether teey were 

shifted from one temperature to another. In some cases the 

food consisted of beef liver and because of difficulties in 

weighing such P food item, it was coneidered impracticable to 

attempt uny estimation of feed consumption. however, obser-

vations on feeding end the rate of growth indicated that 

the fish at the higher temperatures were feeding somewhat 

better than fish at lower temperetures. In most of the 

experiments the fish 're fed slices or half-alicee of 

herring and the effect of temperature on feeding can readily 

be determined. A slice of herring weighed epproximetely 

1 gra 

In the experiments A 2 and B 2, the parr A 2 we 

a1wae s at a teupexure several deereeo lower than B 2. 

The r Lean temperature of A 2 Was 8.d °  with a minimum of 

-1° and a maxielue of 10.0°. In B 2 the mean temperature 

wnE. 1 2.0°  with a greater variation in the daily temperatures 

from 9.6°  to 17.3° . The mean daily food consumption was 

11.5 half-sliceo of hcrr i n  for A 2 and 17.6 for B 2. 

Thus 7eith an everage difference of 3 °  in temperature the 

feedi rig at the high tazeeer , 7ture was about one and a half 

times that et the low temperature. 

In another set of comparable experiments, sip 
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re 3ulte were found. In this instance A 4 was constantly 

at a temperature loeier than B 4. In A 4 the mean tempera- 

tu re was 9.0 °  ranging from 8.2° to 10.6w . The mean tempera-

tu re of B 4 was 1ee.2 0  with n. minimum_ of 9.7°  and a maximum 

of, 
 
17.60 . The food consumed per day wau 14.6 half-slices by 

A and 24.9 by B 4, i.e. lmost double at the higher tempera- 

tu re. 

In come of the xperimente the fish were cerried over 

rater and show the effect of temperetures from 0 0  to 60  on 

ading. In experiment 'e 3 r 221 ,flm. smolt was fed on a 

tion-diet from :ieptember 27, 1934, to ilaCU6t 9, 1935. The 

fi 3h wes feeding regularly every day until the temperature 

dr apped to betreen 0° nnd 1 0 . The teetperature remained 

be low 1° from JPnuery 14 to Yarch 16; during these two months 

th e fish was observed feeding only on six different occnsions. 

Bu t it must have been feeding more than observed far it 

gn fined 1.2 per cent in weight from )ebrunry 9 to ,P,Irch 9 

a ll d eAcreta were quite often seen in the trouele. The fish 

fe d regularly again after the temperature rose above 1 0 . 

ne of the perticularly low temperatures at which the fish 

6 eeen feeding were as follows: 0.0, 1.5, 0.8, 0.9, 

1 . 

	 1.6, rand 1.7 °C. 

The winter temperatureo of all the other experi- 

lee nte were not quite no low, the ucual range being between 

5 and 6° 0. But at these temperatures also, the feeding 

Vitt s greatly reduced whether the fish were fry, parr or smolts. 

In the fry experimeuto ( A b-6, B 5-6) he lowest temperatures 

( 5 
 -6°C) were in February and rob, and the feeding very 
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interm Ittent. In April the temperature increased no :lore 

than h 1f n degree but was Sufficient to induce the fry to 

more r egnlar feeding. In the parr experiments (A 3-4, B 3-4) 

a diff ereuce between the ration-fed fish and the w11-fed 

fish a s to time of feedine wns noted. Irevious to the 

of June the rell-fed fish hardly ever ate any of the 

food v, hen it wes thrown in to them whereas the ration-fed 

fish u sully ate a little when eint. fed. The well-fed fish 

rust have done their feeding some time inter in the day for 

they s hoed a greater increase in weight during the 'inter 

months than the rntion-fed fish. 

Ance the.re was a gradual rise in temperature in most 

of the experiments the temperature at which the food-con-

sumption was gretest could be deter ;in d fairly well. 

 

temperatures will be referred to u the maximum feeding These 

 

temperatures. In quite n number of the experiments the fish 

were ration-fed during part of the time, so it is iossible 

to determine the natural maximum feeding temperature in such 

cases 
	In experiments B 2, B 4 and B 7 both feeding and 

tempe ftture were uncontrolled. In each cnse both feeding 

nnd t 3mpereture increased steadily reaching a maximum 

s ome t :me in August rind thereafter declining. B 2 reached 

R max imum feeding temperature of 1.5 °  on Auvust 15, 4 days 

previ DUB to the mnxie!um temperature of 17.3 0 , B 4 showed a 

maxiM am feeding temperture of 15.8 °  on August 13, 6 days 

previ Due to the maxium temperature of 17.6 ° . Destly 2 B 7 

had a maximum feeding temperature of 16.2 °  on August 19, also 

6 day a previous to the maxiefm tempereture, 18.2 ° . Jo the 
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greatest difference in the maximum feeding temperetureu of 

these three fish was only 0.7 0  end the mean was 15.80 . 

The maximem feeding temperatures of five other fish 

under some-Mint different experimental conditions - ere only 

slightly lover than the above. In thee experiments the 

 

was also unlimited but the fish were kept at a low feedire 

temperature for about one month, shifted to a high teepera- 

ture for a month, and finally back to a low tempereture for 

about a month. 	1 had a MRXiMUM feeding tempereture of 

15.0 °  on Aueuet 3, 14 days previous to the maximum tempera- 
() 

ture o f 15.8 	e 2 had two maximum feeding temperetures, 

one in August 3 of 14.4°  and one on August 8 of 15.9 ° , 

the maximum temperature being 16.0 ° Qn August 17. , 3 hid 

a maximum feeding temperature of 14.4 0  on August 3, 14 days 

previous to the MaXiMIln temperature of 15.7 0 . e 4 had a 

maximum feeding temperature of 14.4° on August 3, 14 days 

previous to the maximum tempernture of 16.0 ° . F 8, a 

 

ter experiment, had a maxieum feeding temp reture of 13.8 °  snitwn 

 

on August 4, 20 days previous to the maximum temperature of 

18.00 . 

 

£he uniformity of these maximum feeding temperatures 

te striking considering that they merely represent 

  

is qui 

the mean daily temperature on the day that the fish ete the 

 

st amount of food. The mean maximum feeding tempera-

f these fish, subjected to n oudden rise,in tempera-

is 14.7 °  vhich is 1 decree lower than that found for 

ree fish subjected to e slowly rising tempereture. 

greate 

ture 

ture, 

the th 

 

The mean for all these fish taken together is 1.0 ° . 

kchenz is (934) carried out feding experiments on cod and 
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found the maxieum feeding to be at a temperature around 14 0. U. 

3ince the maximum feeding temperature is slightly 

lower, when a fish is suddenly changed from a low tempera-

ture.to a high temperature, than it is when there is a 

grndually increasint tern, erature, it is interesting to see 

if the daily food-consumption is also affected by the sudden 

change in tempertture. For this purpose the men daily 

food was divided by the weight of the fish, the resulting 

factor representing the daily amount of food (in half-

slices of herring) consumed per tram of fish. The mean high 

temperatures in August of fish not subject to a sudden change 

in temperature were: B 2, 14.0; B 1, 13.0, and 2., 7, 14.5. The 

mean high temperatures of fish that were changed suddenly to 

a high temperature were: 	 ,  1, 14.0; 	2, 14.2; . 3, 14.0 

and 2 4, 14.2. The temperatures then, re much the same 

in the two types of experiments. The food-wei t ,ht factors 

are as follows: B 2, .23; B 4, .23: 2 Is 7, .26; 	1, .22; 

.; 2, .16; . 3, .15; 	4, .12. The fish, therefore, 

thet were not subject to a pudden increase in temperature 

were somewhat better feeders at the same temperature than 

the fish that were uud ,  enly shifted to a high temperature. 

Of the latter fish, moreover, it will be noticed that h 1, 

an immature female, fed considerably better than 0 2,  ,  3 

and  ,  4 which were mature melee. So sexual maturity is 

also an important limiting factor on feeding. 

In the low temper. ture experiments, / 2 and A 4, the 

mean temperature from June to .;eptember inclusive was . bout 

9.0°  and the greatest difference in temperature during this 
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time was about 2.5 0 . In both A 2 and A 4 the temperature 

show red a gradual increase from around 80  in June to 10 0  

or a little better on August 19 and thereafter decreased 

only about 1 ° . In both cases the feeding increased c . uite 

rapi 

A2 

dly with the rising temperature reaching a maximum in 

during the eek hen the temperature was highest and about 

a week previous to the highest temperature in A 4. In both 

A2 and 1. 4 the temperature then dropped about 1 0  and after-

wards remained quite uniformly around 9•5°. Corresponding 

with this drop in temperature the feeding in both cases de-

clin ed and kept on declining slightly in A 2 but in A 4 

soon afterwards started to increase again. The main point 

to b e noted. in the feeding at these low temperatures is that 

the feeding increases then the temperature is increasing 

but as soon as the temperature decreases slightly to remain at 

a un ifor level the feeding also decreases even theiigh the 

temp erature is about 5 0  below the maximum feeding tempera- 

ture of 150  or so. 

xperiments B 2 and B 4 (fig. 30-31) show the relation 

of f eeding to a gradually rising and falling temperature. 

In b oth of these fish the feeding increased quite rapidly 

with the rising temperature, the maximum feeding being at a 

temp erature around 15.5 0 which occurred about a week pre-

viou to the maximum temperature (17.5 0 ). Just after 

reaching the maximum the feeding took a sudden drop, i.e. 

while the temperature was still_ rising above the maximum 

feeding temperature, and after that the feeding decreased 

ith the falling, temperature at about the same rate as it 

—in 
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was increasing with the rising temp ereture. At equal rising and 

falling temperatures the feeding was poorer at the fiddling 

temperature for the temperature was decreasing et a slower 

rat than it wee increasing and, moreover, the feeding took 

a dudden drop after ruching the maximum. This nay be shown 

by f 1 few examplee. B 2 at a rising temperature of 11° 

ate 13 half-slices and at a falling temperature of 11 ° 

 ate only 6 half-slices. Also at t rising temperature of 

13°  it ate 21 half-slices and at a falling temperature of 

13°  only 15 half-slices. Similarly B 4 at a rising tempera-

ture of 11 °  ate 15 half-slices and only 8 at a falling tem-

perature of 11°; at a rising temperature of 13 °  it ate 31 

hal r-slices and only 21 at a falling temperature of 13° . 

In figures 17-27 of the 	series of experiments the 

eff :ct of a sudden change from n low to a high or a high to a 

low temperature on feeding may be seen. 	1 fish was an 

iAnature female and it was shifted from a low to a high and 

then back to a low temperature again. In the first period 

the low temperature was around 80 , in the second period 

the high temperature was around 15°, and in the third per 

iod the low temperatute was nreund 9 ° • Thf feeding kfig.23) 

was much better at the high temperature than at either of the 

low temperatures but the increase in feeding from the low 

tempe ature to the high temperature was not proportionate 

to the increase in temperature. This is partly due to the 

sudden increase in temperature and partly to the fact that 

the maximum feedin temperature was 15 ° and when the tempera-

ture rose above 15 °  the feeding decreased rapidly. Also 
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the feedinr in the last low-temperature period was consider-

ably poorer than in the first low-temperature period (.4 as 

compared to 46 half-slices per day) even though the tempera- 

ture 

'7. 7). 

ms a little over a de ree higher (9.1 as compared to 

The poorer feeding in the last low-temperature period 

is due to the sudden change from a high temperature to a 

low temperature and also to the fact, as explained pre- 

v io u s Ly, that feeding is poorer at a dropping temperature 

than it is at a rising temperature. In ti 2, 	3 and 4 4 

experiments, the fish were similarly shifted from a low to 

a Aigh and then to a low temperature. The temperatures were 

almost identical with those of 4 1 xperiment and the re-

suiting effects ,;f temperature on feeding (fig. 25-27) were 

the same except that the feeding was cnsiderably poorer, 

especially in the last low-temperature period, because these 

fish 'ere all mature males. 	11 experiment was si:rdlar 

to the above except that the temperature was shifted in a 

different order, namely from a high temperature to a low 

end then to Ft. high (fig. 19). The feedini; during the ini- 

tial high temperature period was ::uch better than during the 

followinc low-temperature period. But when the fish VIRE 

changed from the low to a higher temperature there was a 

slight increase in feeding for about a week, and then as the 

temperature started to decline the feeding dropped off 

rapidly. Jo from this Graph it is quite apparent that a 

slowly rising temperature produces much better feeding than 

a sudden rise in t mperature. Experiments 	9, '4, 10, 4 12 

17, 18, 20) were similar 	to W 11 and show exactly the (fig. 



sane e ffect of temperature on feeding. But W 11 was an 

former especially in the last high-temperature period. 

for 34 days, ration-fed for 33 claye y  and then well-fed for 

felling temperature than at the rising teleeereture in at the 

spite of the fact that the fish me ration-fed for 33 dayn 

period 

nent 

wee further reduced by sexual r:iaturity. in expert- 

5 the fish 	ration-fed for a loner time, naeeely 48 

immature male tnd W 9 :  j 10 nnd 'e 12 were eature melee and 

consequently the latter were not feeding e well r the 

in another set of experiments the temperture was 

uncontrolled but the fieh were ration-fed during part of 

the time. 4 8 wee an imture femele rich which orris wall-fed 

49 deys(fic. 10). .'during the initial welleTed period the 

feeding eee increeo*dg eith the riming temperature, the 

mean temperature being 11.6 0  nad the menn daily feeding 7.0 

half-clices. And during the final well-fed period the 

feeding we decreasing with the fulling temper•ture, the meen 

teepernture being re.2°  and the mean daily feeding only 4.2 

:even though the mean temperatures in these two 

periods were almost identical the feeding wee much poorer 

previous to the period with the falling temperature. in the 

similar experiment, 	7 (fig. 12), the same reselte ere 

found but in this ease the feeding in the last well-fed 

days, and still. in the folloeing period of 68 daya the feeding 

declined rnpidly with the falling ter 	(fig. 4). 

experiment "" 3 the fish elle ration-fed for 316 days 

the following well-fed period of 101 days the feeding 

e general upward trend while the temperature showed 

But in 

and in 

shoeled 



a steady downward trend from around 14 °  to 90  (fig. 6) 

Also in eiperiment V 2 the fish was otarved for 35 days 

and in the followine: well-fed period of G1 days the tempera-

ture showed a downward t end from 11 0  go about 8°  but the 

feeding 

ward tr 

showed an upward trend for 44 days and then a down-

and for the last 17 days (fig. 32). These are the 

only two cases that can be cited where a dropying tempera- 

ture did not retard feeding. But they certainly show that 

feeding 

as temp 

'.bout 3 

ehen th 

depress 

is dependent on the condition of the fish as well 

Itrature. Hathaway (1927) found that fishes consumed 

times as much food per day rt 20° as at 100 . 

a exposure to 10
o extended over several weeks the 

ion of food consumption due to the cold was not 

counteracted by acclimitization but r'ther tended to become 

ore pr )nounced. The fishes experimented on were Enpomotuli  

,gibbosuo, Lenomie incisor and Ileropterus salmoides. 

Th results on the effect of temperature on feeding 

should be applicable to fish in nature because of the 

similar ity of conditions. In streams the fish are sub-

jeeted to the seesonal and daily fluctuations in tempera-

ture as veil i the changes from night to day. In this 

respect tie experimental conditions were quite similar since 

the exp ariments were carried out in the open and the water 

heated by the sun. The daily end seasonal fluctuations 

are qui te evident in any of the temperature eraehs and, 

a1thoug ft the variations between nightly and daily tempera-

tures R re not shown, it may be stated that there was a 

differe nee of several deerees between moreing( 9 a.m.) 
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and afternoon (5 p.L:..) temperatures. The fish of course 

were provided with shelter from direct sunlight but this is 

also avnilnble in nature. 

I,ffect of Sexual Maturity in Lale larr 

on Feeding. 

In the .; series of experiments there are three seta 

of similar experiments. ..ach Bet contains one irnrn'ture parr 

while the other parr were mature. So in the similar experi-

ments the feeding of the mature and immature parr in corres-

I:anding periods ma, be compared sand the effect of sexual 

maturity on feeding determined regardless of other factors. 

In experiments (, 9, 	10, 'Ea 11 and 4 12 the fish were 

under exactly sitillar temperaAare conditions during each 

of the three periods from June 16 to October 10. 'y4 11 

was an Immature male and the other fish ware mature melee. 

The average food consumption for each of the fish in the 

various periods is given in the followin table. 

I 
June 
July 

II 
16- 	July 
20 	aug. 

III 

	

21- 	Aug. 

	

24. 	Oct. 

5.1 2.5 2.2 

5.6 .7 1.6 

6.6 4.1 3.2 

8.0 2.2 1.8 

25- 	5ex 
10 

nture 

a immature 

i mature 



2.4 	 a Immature 4.6 	 7.9 1 

r)  :Lature 

•■•■•■•■■•■■..• 

v4 3 

4 

0.5 

0.5 

0.6 

4.6 

5.6 

5.3 

3.0 

4.6 

5.4 
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In these examples maturity had little or no effect in 

the first period. In the second and third periods, however, 

the Lmmature fish (4 11) was feeding slmewhat better than 

any )f the mature fish, the difference in the two periods 

bein about the same. 

In experiments 4 1, 	2, 4 3 and 4 4 the fish were 

also under siiAlar temperature conditions in each of the 

low and high temperature periods. 4 1 was an ielmature 

feinu le while the other parr were mature males. The average 

numb er. of half-slices of herring honsumed per day during 

each of the temperature periods is given in the following 

tabl e. 

peni 
I 	 II 

ads June 15- 	July 21 
July 20 	Aug. 24  

II 
ug. 25 - 	3ex 

Get. 10 

  

feed 

was 

end 

That 

incr 

Durin the first period maturity had no effect on the 

ing. In the second period the immature female (4 1) 

feeding slightly better than any of the mature males 

in the third period the difference ws even greater. 

is the retarding effect of sexual 4aturity on feeding 

eases with the ripeness of the gonad. 

In 7 and 4 8 experiNents the fish were at the same 

erature, and were well-fed in the first and third temp 
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period r end ration-fed in the second period. e 7 nes a 

mature male nnd 	8 an immature female, In the first i,eriod 

mnturi ty had little or no effect on feeding, the average 

number of half-slices of herring per day being 7.6 for the 

mature fish and 7.8 for the immature fish. In the third 

period the means were 3.1 for the mature fish and 4.2 for the 

immatu re: so in this period maturity certainly retarded 

feedin 

I a experiment 4 6 the fish ees a mature male which 

was we 11-fed in the first period end ration-fed in the second 

period 
	

It was fed only 2 helf-slices of herring each day 

during the ration-fed period and at the first of this period 

it res eating the full amount of food Liven it but after 

the ml 1 ,31e of the period it would eat only 1 half-slice ler 

day an d some days none at all, So sexual maturity apparently 

affect ed the feeding of this fish nlso. 

T eus in every comparable case the mature parr ate lees 

than t he immeture parr. elthou6h the differences may be 

small, it must be admitted that sexual maturity in male 

parr r etards the feeding. The difference between the effect 

of mat erity on feeding in parr and in adult salmon would 

seem t o be one of decree only. For in experiment D 4 

(descr ibed else -there) a grilse retained in salt water was 

nature in the fall of 1934 and 1935 and -t both times ceased 

feedin g entirely. It is coon knowledge that adult salmon 

enteri nG the river to spawn do not feed at this tilt°. But 

there has always been the npeculetion as to whether or not 
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they would feed if they could find suitable food. Certaihly 

the above facts would lead one to believe that they have no 

desire to feed at spawning time. 

-effect of Temerature and Food on Fish Growth. 

Three sets of experiments described previously show the 

effect of food and temperature on the growth of the fieh in 

length and weight. 7ach set of experieants consisted of 

four combinations of food 1.1(1 temperature as follows: 

well-fed and high temperature, well-fed end low temperature, 

ration-fed end high tempereture, ration-fed and low tem-

perature. The low temperatures were obtained at a cold 

spring while the high temeeratures were produced by holding 

this water in troughs to be heated by the sun's rays. Io 

the temperatures were not constant but fluctuated from day 

to day and show the seasonal variations, but the low tempera-

ture fish were always at a lower temperature than the high 

temperature fish end vice versa. 

In the set of experiments, A 5-6 and B 5-6, fry of the 

year were used and the experiment lasted from October 15, 

1934, to 'eptember 27, 1935, i.e. 10 days short of 1 year. 

The low and high temperatures during the fall and winter 

months are not greatly different but during the summer months 

the mean 

12.3° . 

a single 

low temperature was 9.4 °  and the mean high temperature 

n the other two sets of experiments parr were used, 

fish to an experiment. lexperiments A 3-4 end B 3-4 

lasted for 1 year, from "Jeptember 27, 1934, toeptiumber 24, 

1935. Here, again, there was only n slight difference 
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between the low and high temperaturce during the fall and 

winter months but the mean low temperature was 0.0 °  and the 

mean high temperature 12.2 0 . E;o actually in these two sets 

of experiments which lasted for a year there wee - an effective 

temperature difference only during the summer months. The 

other set of parr experiments, A 1-2 and B 1-2, were carried 

on from June 7 to September 24, 1935, a period of 108 days. 

The mean low temperature was 8.8 0  and the mean high tempera-

ture 12.0 ° . Thus in all these experiments the mean low 

temperature was averaging around 9.0 0  and the mean high 

temperature around 12.0 0 , really not a marked difference 

yet sufficient to show the effect of tempereture on growth. 

Both the average lengths and weights in A 5-6 and 13 5-6 

experiments and the percentage increases in length and 

weight in the other two sets of experiments were consistent 

in s howing similar results on the effect of food and tempera- 

 

ture on growth. The nlimited feeding produced better rowth 

than the retion-feeding whether the fish were at the high 

temp erature or the low temperature. There waS a greater 

difference in growth between ration-fed and well-fed fish 

at t he high temperature than at the low temperature which 

was due mainly to the better feeding of the well-fed fish 

nt t he high temperature. 4hen the feeding vine unlimited, 

the high temperature produced better feeding and better growth 

than 

howe 

i.e. 

the low temperature. Alen the fish were ration-fed, 

ver, temperature had just the cei.pouito effect on growth, 

the high temperature produced Iocrer crowth than the 
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low temperature. In the rktion-fed experiments, A 5 and 

:6 5, wh ich were respectively at low and high temperatures 

there wee no eignificent difference in growth which, how-

ever, cannot be considered contradictory to the above state-

ment because the food was not measured exactly and ay not 

have been the stele. At any rate in all the other ration-fed 

experiments, namely A 1 B 1, 1. 3 B 3 and also if 	F 1, 

where t 

did prc 

natural 

amount 

at the 

he amount of food was the eeme, the high tempemture 

duce corer growth than the low temperature. This is 

ly whet one would expect of two lieu fed the same 

of food and at different temperatures for the fish 

high temperature has relatively less food to be 

utilized in rowth than the fish at the low temperature 

because it is living at a higher :.etaholic rate. 

3  the fish were witighed et various intervals during 

the course of the experiments the amount of erowth at 

different temperatures could. be determined. In the well-fed 

experir aents A 6 . B 6 and A 4 B 4 the loweut temperatures 

were between 5 0  end 6.5 0  from jecember, 1934, to April, 

1935, inclusive. even et these temperatures there were slight 

increases in ,eieht. is the water was earmed up during the 

spring and suemer leonths the growth increased rapidly. 

The maximum grewth, however, did not occur at the same 

temperatures in these two sets of experiments and the rge, 

e, of the dish secrets to be the determining factor. 

d 	6 were 1 --; year-old parr and the maximum growth 

ed in the month of June and not in August when the 

temperature was highest. The temperature of A 6 in June 

or siz 

A 6 an 

occurr 
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was around 8°  and in August 9-11 ° . The temperature of B 6 in 

June was around 9 0  and in August 	- 18° . A 4 and A 4, on the 

other hand, were 2-t. year-old parr and the maximum growth 

occurred in the month of August when the talpertures were 

 

t. The temperatures in August in A 4 were between 9 

.6° , and in B 4 between 11.4 nnd 17.60 . also in 

other experiments ( i 2, B 2, 2 B 7) the fish were 2 

id parr and the maxim!m growth occurred in the month 

highes 

and 10 

three 

year-o 

of August when the tempexetures ,, ere highest. 	August 

temperatures in A 2 ranged from 8.8 to 10 ° , in B 2 and from 11.2 

to 163. 

there 

these 

growth 

old pa 

ture. 

3° , and in 2 B 7 from 11.4 to 18.2°. Jo, although 

79nit a difference of only 1 year in the ages of all 

fish, the younger 1 year-old pe:.'r show the best 

at the temperature around 8 or 9 °  while the 2-L-  year 

rr show the best growth at a somewhat higher tempera- 

T he effect of temperature on weight Lrowth is also 

eviden t in some of the 	series of experiments where the fish 

were h .eld for equal periods nt low rid high temperntures. 

In eve ry case the increase in growth was greater nt the 

higher temperature. In W 1-4 the fish were first held at 

a mean low temperature of 7.8°  for 35 days nnd then shifted 

to a mean high temperature of 14.1 ° . The percentage in-

creases in 7:eight were as follows, those at the high tem-

perature being in brackets: 	1 42.0 (62.0), W 2 28.3 

(59.3), ;4 3 40.4 (56.2), and W 4 33.8 (42.9). In W 9-12 

the fish were first held nt a mean hiLh temp, erature of 11.5° 

for 34 days and then shifted to a mean low temperature of 
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for 35 days. The percentage increases in weicbt 

e at the low temperature in brackets) were as follows; 

43.6 (39.3), W 10 61.0 (36.4), 	11 77.2 (36.6), 

12 56.4 (20.9). In each of these experiments the 

✓ temperature produced better feeding end better growth. 

3orne idea of the effect of rtir_feedin 	n eeight 

a may be seen in experiments 	7 end 4i-  8, Te feedin L  

alimited during the first 74 dnys and during the fol- 

33 days the retion consieted of 2 half-slices of 

16 1:er 	e 7 increased in weight 47,5 per cent 

during. the well-fed -period and only 15.3 per cent during 

the r tion-fed period. W 8 shows even a greater difference 

for i ; increased in weight 72.9 per cent in the well-fed. 

perio( I and only 14.5 per cent in the ration-fed period. 

iii bo .;11 of these experiments, however, the differenee in 

grow ti 1 is exeggereted by the effect of temperature because 

the mean temperature in the well-fed period wen 11.5 °  and 

in the ration-fed period 14.2 ° . 

Coeplete StPTVatiOn i9 accompanied by loss of weight 

end 1  ittle, if ony, change in length. Tfeil erature Is an 

important factor in deternining the rate at which the weight 

is lost. In experiment V 2 the fish wen starved for 35 days 

at a u iean temperature of 11.9 °  and the loss in weight VMS 

9.8 per cent. In eeTeriments 1 A 7, 2 A 7 end 1 E 7 et 

a meal 

63 day 

per cc 

the te 

L  temperature of 8.2 °  the losees in weight for the first 

o of starvation were respec ively 5.8, 5,2, -nd 7.7 

nt. That is the lose in eight varies directly with 

mpernture. In the latter experiments the fish were 



starved to death, the time required being from 243 to 257 deys 

and the loos in -eeight around 41 per cent. The lengths 

  

of these fifth were Zxactly the :mime et the time of 

they were et the beginning of the etarvetien period 

of two 

  

death 

 

  

but the third fifth were 2 mm. longer which may or may not 

represent an actual increnne in length. The menu tempera-

ture at which the exeerimente were carried out was around 

70  nnd of couree at higher temperatures the fish weuld 

not have lived nearly us long as they did. 

Thompson (1926) showed that both food and temeerature 

 

ed growth of Cadoid fishes. 'Ash that were well-fed Affect 

 

in an quariur. increased nearly 100. per cent in their growth 

rate ae compared with controls et sea, the temperature 

 

the same in both cases. The period of meximum growth 

eguarium fish we from l!ay to October but even in the 

months considerable edvence in size continued to be 

although during %rrch growth fell awry to a elinimur:. 

being 

in the 

winter 

made, 

ffect of Tem ernture and iood on width 

end Number of ical.e Ridges  

bis wee deternined in several experimentn by changing 

the same fish from one teeleereture to'another or from one 

food diet 'to another. In other experiments, however, the 

fieh were Sent continuously at a high or low temeerature 

and on n. ration or well-fed diet. An exemple of the latter 

type i the set of experiments A 5-6 B 5-6. These experi- 

ments were started in the fall of 1934 pith 50 fry at each of 

the different teelperature and food conditions, and were 



since it was only at this time of year that effective tempera- 

scale 

were 

certa 

not v 

s so the ridges from this check to the edge of the scale 

counted and the total width measured. Because of a 

in number of deaths and the fact that some scales are 

ery good for dounting ?and meausring ridges, the results 

width 

table 

Table 

of rides in ench of these experiments are given in 

21. 

21. .ii,ean  Number and Width of '111!'llaer Ridges in 

Txperinents A 5-6 B  5-6. 

hxper 
condi 

imental 
tions 

xpt. Mean Number Mean 4idth 
No. 	of Ridges 	of 1 Ridge 

NM. 

Low -t en °'.atio fed 	A 5 	6,56 	.28 	.0191 

.0245 8.78 7 .29 :ell-fed 	A 6 

High- temp;Rntion-fed B 5 	7.99  - .46 	.0193 

B 6 ell-fed 10.57 m .53 	.0245 
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completed in the fall of 1935. The number cud width of 

rid[ee were determined for the summer growth (1935) only, 

ture differences .ere obtained. The winter terli . ertures 

werearound 5 rind 6 °C and a winter check was formed on the 

are based on the following number of fish in each experimiant: 

A 5 27, A 	39, B 5 8, and B 6 28. The mean number and 
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he number of ridges an affected by food and tempera- 

s follows. Of the well-fed fiuh, B 6 at the high 

ature had more ridges than A 6 at the low temperature. 

n the ration-fed fish, B 5 at the high temperature 

re ridges than A 5 at the low temperature. Considering 

feet of food, et the high temperature the well-fed 

B 6) had more ridges than the ration-fed fish (B 5) 

rnilarly at the low temperature the well-fed fish (A 6) 

re ridges than the retion-fed fish (A 5). eo in these 

ments both the high tempereture, as compared with the 

nperature, and the unlimited feeding, an compared with 

tion-feeding, resulted in a greater number of ridges 

laid down on the scale. is a matter of feet the number 

ees eay be definitely coreelated with the size of the 

or both the mean lengths and weights and the eean 

of ridges were greatest in B 6 fish, not so great 

fish, less in B 5 fish, and still lees in A 5 fish. 

ee same order, however, is not so apparent in the mean 

DI' ridges in these experiments. Of the well-fed fish, 

the high temperature and A 6 at the low teeepereture 

exactly the same width of ridges, namely .0245 rem. 

age. Also in the retion-fed fish, B 5 at the high 

ture and A 5 at the low temperure showed prectically 

ne width of ridges, namely .0193 and 10191 ram. res-

ly. The effect of food on the width of the ridges 

follows: at the high temperature the well-fed fish 

lad wider ridges than the ration-fed fish (B 5) and 

3e at the low temperature the well-fed fish (A 6) had 

ridges than the ration- fed fish (A 5). 	s far as 

 

 

width 

B 6 et 

showed 

per ri 
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et of food on the width of ridges is concerned, 

an values quite rightly show that a ratioh-fed fish 

e narrower rides on the scale than a well-fed fish. 

he other hand they would appear to show that the 

f temperature on the width of ridges is the same 

high and low temperatures. The reason for this is 

ident when the number of ridges is plotted against 

the width of the ridges as in fig. 59. 

Thi s figure shows the number of summer ridges and the 

total width of those ridges from each fish in the several 

experimente. There was s very good coreelption between the 

number and width of ridges in each of the xperiments, the 

correlation coefficients being A 5 .91 	.03, 	6 .93 	.02, 

B 5 .84 	.11, and b 6 .97 	•01. The linear regression 

lines in the figure were calculated frol, the regression 

equation of Y on 1-e. Comparing the effect of food on the 

width of ridges it is quite evident ehat well-fed fish J 6 

and B 6 had wider ridges then the ration-fed fish A 5 and 

B 5, Next comparing the will-fed fish, A 6 at the low 

tempera 

with a 

A 6 fis 

have wi 

clear w 

the big 

ture and B 6 at the high temperature, the fish in B 6 

small number of ridges have narrower ridges than the 

4 while the fish in B 6 with a lerge number of ridges 

der ridges than A 6 fish. The reason for this is 

hen it is remembered, ea explained elseehere, that 

h temperature produced greater variations in the sizes 

of fish 

the lar 

the seie 

than the low temperatures At the high temperature 

ger fish are more active in preventing or intimidating 

her fish from feeding. Thc result is that the 

the effe 

these me 

will heal 

But on t 

effect 

et the h 

quite ev 



mar 

tern 

and narrower ridges than the s,eeller fish at the low 

2erature. That ration feedinie at a high temperature 

low 

ins 

am 

16. 

a h 

wij i 

In 

temperature is evident in a number of experiments. For 

Lance F 1 at a high temperature produced 19.C; ridges with 

sari width of .G30 mm. while F 5 at a low temeerature had 

5 ridges with a mean width of .040 ran.; likewise 9 1 at 

Lgh temperature had 7.2 ridges, mean width .020 r. 

Le A 1 at a low temperature had 6.6 ride, mean width .02J mm. 

table 21 it will now be clear why the retion-fed fish 

as 

the 

ex 

the well-fed fish (A 6) at the low temperature although 

width of the ridges was much narroeer. So, in the above 

n•imente where the fish were kept continuously under the 

of rood and temperature on the number and width of the ridges 

one 

ano' 

f Fl C 

In the remaining experimentc the fish eere shifted from 

temperature to 'rlother or from one food condition to 

her but the e will be discussed in the next section on 

tors eroding scale checks. 

smaller fish at the high temperature have produced relatively 

produces more and narrower ridges Ynan ration-feeding pt a 

(13 5) pt a high temfereture produced almost as many ridges 

Berne experimental condition for several months, the effect 

might be su med up as follows; Unlimited feeding produces 

more and wider ridges than ration-feeding either at a high 

or low temperature. A high temperature produces more Hnd wider 

ridges than a low temperature if the food is unlimited but 

if the food or feeding is limited in any why a high tempera- 

ture produces more but narrower ridges than p low tempera- 

ture. 
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Considerable variation is found in the effect of food 

end temperature on the width of the ridges in various fishes. 

Cutler (11.0 found that in Pleuronectus plateusa  and 

flesus a high temperature increased sclerite-width but 

unlimited feeding did riot. In Danneviu's experiments (125) 

on cod 	the sclerite-width was greater at the time of lower 

feedi n -  and lower temperature. Gray and C;etna (1931) and 

Bhntia (1931) found that in rainbow trout unlimited feeding 

produ ced wider ridges than limited feeding. 

hg. 59. Number of sumiaer ridgee ilotted against width of ridges 
for each fish in experiments A 5-6 and B 5-6 to show the 
effect of food and temperature on the width of the ridge; 
A 5 (low temp.; rntion-fed); i 6 (low temp; well-fed); 
B 5 (high temp.; ration-fed); 13 6(high temp.; woll-fed). 
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actors roducin 3cale Ghecks 

Scale checks include any degree of narrowing, of ridges 

due to slower growth, narrow or incomplete ridges due to 

change in growth rate, and any mark due to cessation of 

growth eu 

sonic abs 

or winter 

The nnnur 

ch as granulnr appearance of the scale or even 

orption. They may be broadly classified as annual 

checks, noecasory checks, end spawning checks. 

1. checks occur at more or less regular intervals on 

the scale since they rre the result of seasonal changes. 

They are 

incemplet 

ridges us 

postero-c 

irregular 

composed of a number of narrow ridges which vre 

e at the sides of the 	le, the width of the 

ually showing a progressive narrowing in the 

nterior direction. Accessory checks occur at 

intervals at almost any time during rapid scale 

growth and are at times so similar to anneal checks th t 

they rend 

spawning 

scale pro 

,meturity, 

to previo 

may be us 

responsib 

ments wer 

changes i 

ridges wh 

formation 

er age determinations extremely unreliable. The 

checks are definite Breaks in the contour of the 

duced by absorption of the periphery during sexual 

the ridges of subsequent &rowth being at an angle 

us ridges. 6uch R elassificntion of scale checks 

eful but store important are the various factors 

le for or associated with such checks. 	any experi- 

e specifically designed to determine the effect of 

n the environment on the foration of the scale 

ile other factors could be correlated with ridge 

because of the known life..eAstory of the fish. 

Since salmon spend part of their lives in the river and 

part in the sea, experiments were carried out in both fresh 
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and salt water. 

The amount of food available is of course one of the 

  

y factors determining growth. Altogether, six experi-

vere carried out where the fish were fed on a ration 

prima 

 

  

ments 

diet during art of the time. Two of these were in salt 

water and four in fresh water. In experiment h 5, the fish 

was f Lrst ration-fed for 48 days and then well-fed for 58 

days. The feeding was very good during the first part of 

the w 11-fed period but dropped off rapidly with the falling 

temp a: rature. There were 5 ridges formed during the ration-

fed p eriod and 7 during the well-fed peridd(fig. 5). And 

in gel neral the ration feeding produced narrower ridges tan 

the u nlilAted feeding. But the feeding was very poor during 

the 1 7st 3 weeks of the well-fed period and consequently the 

last 2 ridges are not quite as wide aw those formed during 

ratio n feeding. Also li a slight check was formed with the 

°hang e from ration feeding to unlimited feeding, for the 

last ridge of the ration-fed period was left incomplete and 

the f irst ridge of the well-fed period was laid down very 

close to it. The sudden change in growth rate apparently 

initi ated entirely new scale growth in place of completing 

the f orrier ridges. 

'33 was a somewhat similar food experiment but was 

carri ed on in saltwater and the length of the experiment 

great er. The fish was first ration-fed for 3.6 days, from 

5'epte mber 27, 1934 to August 9 1935, and then wellefed for 

101 d aye (August 9 to Lovember 18). The length increment 

was 1 8.6 per cent in the ration-fed period and 33.6 per 

cent in the well-fed period. The scale growth (fig. 7 )  
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represent ed by 8 narrow ridges during ration feeding and 

10 wide r idges during unlimited feeding. The band of narrow 

ridges pr oduced by ration feeding forms a very definite check 

on the se ale interposed as it is between the wide summer ridges 

of 1034 ( previous to L;eptember 27) and the wide ridges of 

the well- fed period (after ugust 9) of 1935. zome of the 

ridges of this food check are incomplete at the sides while 

quite a n umber extend right down the sides of the scale. 

check PS a whole resembles a sea winter check almost perfectQ 

)y but of course differ e from a river winter check in the ex-

rent of rowth. The water temperatures when this check wes 

being lei d down varied from 0.1 0  during the winter months to 

14 °  in Iu gust. It is quite evident then that a so-called 

winter eh eck might extend way on into the Bummer if the 

feeding i 8 very poor. 

In t he food experiment 	6 there were similarly two 

periods, in the ft etperiod the fish was well-fed for 4b 

days and ration-fed in the second period of 68 days. 2he 

length. increments were 16.9 per cent in the first period and 

only 4.6 per cent in the second period. The effect of the 

better feeding and growth in the well-fed period is clearly 

shown on the scales (dig. 9), for there were 5 wide ridges 

laid down in the well-fed period end only 2 narrow ridges 

in the ra .tion-fed period. 

In t he three remaining food experiments, the ti t wes 

divided i nto three periods; the fish were well-fed in the 

first period, ration-fed in the second, and well-fed again 

in the third. In experiment the fish wee well-fed for 

ration-fed 33 days, and then well-fed for 49 days. 7". days, 



The mea n food consumption per day was respectively 7.8, 

pnd 4.2 helf-elices of herring end the weight increments 

72.9, 14.5, ene 49.5 per cent. In agreement with the feeding 

and growth in these periods, the scales (Fig. 11) showed 5 

very wide ridges for the initial well-fed period, 5 fairly 

narrow ridges for the ration-fed period, and for the final well-

fed period 4 wide ridges nnd 1 narrow one at the edge of the 

ecgle. In the final well-fed period, the feeding wes decreas-

ing rapidly with the felling temperature and the feeding dur-

ing the &est reek was very poor, which Recounts for the narrow 

ridge at the edee of the scale. Jome of the narrow ridges 

produced by ration feeding were incomplete et the sides of 

the scale end this band of narrow, incom.lete ridges resemLbes 

a winter check fairly closely. eomewhat the same conditions 

have been found by 17ty (1937) to produce false annuli in eine° 

senles. "e hes correlated the false annuli with cessation of 

feeding and deression in growth when the fish migrate to the 

hyp ol imnien. 

:xperiment ,5 7 WrAB exactly sieiler to 'J; 8 except that the 

fish was a sexually mature mele end for that reason the feed- 

ing, fish-growth. end scale erowth wore idversely effected. The 

results were as follows: mean tinily food consumption in ititial 

roll-fed period 7.6, ration-fed period 2.0, pnd final well-fed 

period only 3.1 half-clices of herring; the percentage weight 

increeents were 47.5 in initial well-fed period, 15.3 in 

ration-fed period, end 16.2 in final well-fed peeiod, 

Conoe fluently, the scales showed 4 wide ridves for the initial 

well- fed period when the feeding and growth were Food but only 

3 or 4 narrow ridges for both of the 	 e_e,_ 
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ed periods when the feeding and growth were poor. 

Food experiment 1?7 w c siznilai to ',**"7 r.ind W8 except that 

it was carried out in salt water and the fish wee a smolt in-

stead of a parr. The fish wrs w613-fed for 39 daye, rettnn- 

fed for 30 days, and well-fed again for 22 days. The food con-

sumption in these periods was respectively 1.0.6, 3,8, nmd 6.2 

half-elicee of herring per day. The scale growth (Fig. 14) 

was as follows; 10 ride ridges in the initial well-fed period, 

5 narrow ridges in the ration-fed period and 2-3 wide ridges 

in the fi nal well-fed period. Thus the poor feeding in the 

ration-fe d period produced a band of narrow ridgeseehich forms 

a fairly definite check. The ridges in this check ere 4tite 

regular a rid most of them extend down the sides of the scale. 

In e xperiment F2, the fish died before the expeAreent 

was compl eted, but it iE of intereet in shoving the effect of 

poor feed ing et a high temperature on scale growth. During the 

first mon th of the exh. , eriment, the temperature woe raised fairly 

gedually from 110 to 170 . The feeding at this time was in-

creasing rapidly with the risiug temperature and wide ridges 

were laid down in the scales. During the next month, the feed-

in, decli ned very rapidly while the temperature remained be-

tween 16
0 

and 170. 	he smiles were (iuite noticeably affected. 

The last 

together 

of the so 

The check 

Also the 

compared 

the scale 

4 or e ridges formed on the scales were fairly close 

and incemplete et the sides while right at the top 

ales were short, indletiinct and disconnected ridges. 

thus formed is quite tyical of a sea-winter cieck. 

ratio of scale-length to fish-length was very high 

with fish in other exTeriments so it seems likely that 

s kept on growing &flex the fish ceased to increase 
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in length 

T 

in any 

attemp 

pro due 

water 

two .r 

higher 

emperetur is another rector which is very important 

coneideretion of growth. neven experiments were 

ted to determine the effectivenessof temperature in 

ing checks in Beale growth. Nine of these were in fresh 

and two in salt water. Each experiment wes divided into 

three periods end in each eriod the fish wes kept et a 

or lower temperature then in another period. In each 

period, however, the temeereture was not content but slowly 

rising or falling es the case might be. This was particularly 

noticeable in experiment 2 3 7 (Fig. 15) where the fish was at a 

high temperature from lgust end shifted to a lower 

temperature in September and Ccto'rer. The reen temeeraturex 

were 12.8 0  for the high temperature eeriod end 9.2 °  for the low 

temperature perod. es the tempereture wee rising from June 

to August, so nlso eere the percentage weight inceements ns 

follows: : June 24.6, July 65.1, and hugust 82.7. et the loe 

temperature, they decreased to 16.6 in :;(iptember and 7.1 in 
0 

October. The mean food consumption in the high temperature 

period was 13.3 slices of herring per day end . onlye6.; in the 

low temperature period. l'he Beale growth may be seen in Fig. 

1(. 	There -ere 12 ride ridges laid down during the high 

temperature period end 4-5 nerrower ridges during the low 

temperature period. Tbus in general the effect of a higher 

temperature is to produce better feedine and wider ridges. 

But when a certain lieAt in temperature is reached, the pro-

cess is reversed end the higher temperature then produces 

poorer feeding end narrower ridges. This is noticeable in 

the h igh temperature period of this experiment where the feed- 

ing was improving rapidly with the rising temperature until 
mnirlmnm loan 	

W 
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of 16.2° . After teat date, the feeding dropped off rspidly. 

The maxim Am tempereture ef 18.2 °  WPS reached six days leter. 

Correspon ling with this poor feeding during the last two weeks 

of the hi OA temperature period, the last 3 of the ridges pro-

duced in this period were narrower than the preceding 9 ridges 

InFO or of the tempei'ture experiments, 49 - 12, the fish 

were kept 34 days et a high temperaure, 35 days at e Tow temp-

erature, end 47 days at a high tempeaeure 	ein. The results 

of these experiments are given in Zable :2, showing the 

effect of changes in temperature on feeding, erowth end width 

For the (Jelly temperatuees and feediri1 eee Fig. 

The temperatures in all these experients were 

ly the same. The mean for the initial high-temperature 

s 11.5 ° , for the low-temperature period 9•0 ° , rind for 

the final high-tempeeature period 12.0 0 . In the first period, 

of ridges 

17 - 20. 

practical 

period we 

the temperature eose gradually from bout 9 °  to 17°  and then 

dropped to 13° . In the second period it increased only slightly 

from 8.5 

le - end 

ernture 

the low 

eture wn 

increani 

the seco 

the shif 

feed in 

Oven poo 

ation pf 

change i 

) to 9.0° . In the third period it road from 13°  to 

then dropped to 9 ° . 	o the immediate change in te!ep- 

Cron one period to another was a drop of about 4 °  from 

to the high. The relatidn between feeding and teNper- 

3 RS follows; The best feeding wee in the first eeriod, 

rig with the riaing tempereture, but wee such poorer in 

rid period when Shifted to a lower temperature; with 

t to a higher temperature in the third period the 

increased only olightly at first e but on the whole was 

rer than at the low temperature, for which the combin- 

three adverse fectors can be given, namely, sudden 

n temperature, falling temperature, and sexual matur- 
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TABLE 22 

MEAN 	 200D GONSITVITION, LERCENTAGE  

WEIGHT INCRE:Alirl, 47.1,:1B7iii AND WIDTH OF 1311)01:Li  

LN VARIOTT:3 	 9 - l1. 

Experimental Conditions High Low 	High 
Temp. Temp. 	Temp. 

• 

Length of keriocth  irl iTzz ia 	 34 35 47 

W9 

Mature 
1:a1e 

6.8 12.0  
2.2 

mean Temp. 
hlern Dail 1;ood 

4t. Increment 
No. & iidth of A.4es 

Mean 

 

11.4  

5.1  

43.6 
4 

ide 

•■•••••••••1111.••••■•■■- 

2.5 
39.3 	28.2  

4 	2-3 
6light1y Very 
narrower narrow 

W10 

IJature 
Vale 

Tour 	 11.6 	8.9 	12.1  

Lean Daily rood 	 5.6 	2.7 	1.6  

t. Increment '/, 	61.0 	35.4 	12.2  

No. & Width of Fides 	 3 	3 	3 
wide sliehtly very 

narrower narrow 

W11 

Immature 
Iale 

W12 

kature 
kale 

an 

fean Daily Food  

Wt. Increent e  

No. Sr Width of Ridges 

	

11.5 	9.0 	12.0 

	

6.6 	4.1 	7 ') 

	

73.2 	36.6 	34.0 

	

3-4 	3 	5-6 
wide slightly 7ery 

narrower narrow 

No. & 1,,idth of Ridges 	 4 	3 	2-3 
wide ali t;Ltly very 

narrower narrow 

ean Temp, 11.6 9.1 12.1 

can Daily .;lood 8.0 2.2 1 .4.5 

vit. 	Increment 56.4 20.9 12.5 
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ity. C onseeuently the growth of the fish was sieeilarly 

affecte A, shoring the -eest erortee in the first period Rnd a 

progressive decrease in the second and third periods. And 

likewise there were wide ridges laid down in the initial high-

tempereture period, only slightly narrower ridges at the low 

temperetureond very narrow ridges at the finel hieh terripera-

ture. In other words, eide ridges are laid down at higher 

temperatures if the feeding increases proeortionetely with 

the temperature, but if the temperature is decreased and the 

feeding does not increase, then narrower ridges are laid Hawn. 

Also, if the tempereture in decreesed, the feeding decreases 

nnd nerrower ridges are formed. 

In the tempereture experiment P4, the precedure was 

the same es in experiments 16-12 end the age of the fish the 

some but it was a larger fish elreedy changed into the smolt 

dress end the experiment woo carried out in wilt rater. It 

we's re tamed at a high temperature for 46 cloys, ,t a low 

te-per eture for 31 days, and again at a high tempers 

for 1 . 9 days (Fig. 21). The mean temperatures for the respect-

ive re nods rere 14.1, 12.4, and 16.3. The feeding increased 

eteadi ly with the rising temperature in the initial high 

temperature period, took e sudden drop at the beginning of 

the low tempernture eeriod and decreased eteedily throughout 

the remainder of that period and even during the final high 

teneerature : - eridd. The means for these periods were resp-

ectively 10.4, 6.1 and 3.0 eliceu per day. Corresponding 

with the good feeding in tee initial high-temperature period 

there were 7-8 wide ridges mid down in the scale (Fig. 22) 

and with the poorer feedine in the low-temperature period 
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3-4 narrower ridges which were complete at the sides but 

nevertheless forming an appreciable check. 6o far this 

experiment is in agreement eith other similar experiments, 

but it differs from all the other experiments in that 5-6 

fairly wide ridges mere formed in the final high-temperature 

period when the feeding was even poorer titan in the low-temp-

erature period. These ridges were wider than those formed in 

the low-ter meroture period but not as wide as those formed in 

the initial . high-temperature period. ,ider ridges being formed 

when the temperature is increased and the feeding decreased is 

an exceptio 

might 7eossi 

question ar 

for two res. 

decline in 

period righ 

of the deve 

before the 

istic of (1,:, 

n to all the other experiments, nnd although it 

bly be explained in a number of ways, yet the 

lees, is it a normal reaction. It would seem not 

sons. Virstly, because of the rapid and steady 

feeding from the beginning of the low-tempereture 

t to the end of the experiment; and secondly because 

lopment of a white spot on both eyes about a week 

end of the experiment, which Is fairly character-

ing salmon in salt water. 

In temperature experiments el-4, the procedure was 

rev reed. 

35 days, th 

finally bac 

temperature 

The tempera 

experiments 

The fish were first kept at a low temperature for 

sh en 	ifted to a high temperature for 35 days, and 

k to a low temperature or 47 days. The daily 

s and feeding may be referred to in Figs. 23, 25-27. 

w tures ere practically the same in all of these 

the mean temperatures by periode were: 7;8 °  

initiel low-temperature period, 14.1 0  high-temperature period 

and 9.20  fi 

as well es 

nal low-tempereture period. The mean temperatures 

food-consumption nnd percentage weight increments 



en in Table 23. In each of the experiments, both 

fe e t, t 

were mu 

he feeding and growth in the final lov-temperature period 

eh poorer than in the initial low-tempereture period, 

higher temperature, the increase was not proportionate to the 

period the feeding was increasing with the rioing temperature 

ent on the reletion between feedire and temperature. In 

formed 

fairly 

check 1 being narrow and the next two very elide; 5 eidges 

in the high temperature period, the first teo being 

wide eorreseonding with the good feeding durinc the 

we eke 

temper 

widest 

end th 

of the period; 3 ridges were formed in he final low-

!Aura period and were fairly wide (Fig. 24). Thus the 

ridges were formed during the low temperature period 

e narrowest ridges during the high tempernture eeriod; and 
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and veieht-growt4 were oomewhet better in the high- 

ture period than in the initial low-tempereture period 

are giv 

feeding 

tempere 

and mush better than in the final low-temperetvre period. In 

even though the tempereture eyes over n degree higher in the 

former. These facts heee been explained elsewhere and need 

not he repeated here. However, it should. be mentioned again 

that nithoegh the feeding increased with the change to a 

increeee in tempe;ature. Loreover, during the L11 - temperature 

until the msxitm u feeding as recorded at a t mperature between 

14.4 0  to 15.00 , and o,s the te7irerr , ture rose above 15.0 0  (reach- 

ing R maximum of 16.00  twe weeks later) the feeding dropped 

off suite rapidle. The width of the ridges was quite depend- 

experiment Wl, 4 ridges were formed in the initinl low temperee 

ture period, the first two of these next the l'aneference 

first two weeks of this -eeriod e  end the next three fairly narrow 

correepondine with the declining feeding durinv the lost three 

ere 
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gh the difference between the widthe of the ridges was 

ry great, it uoes show that a check iay he formed at 

emperatures if the feeding does not increase roportion-

with the temperature (eiAlar to 2B7 above). In experi- 

there hero 7-6 ridges formed during tne experiment; 

althou 

not ve 

high t  

ately 

went 

 

 

rst ridge formed part of the transference check, the the fi 

 

second was fairly narrow, and the remaining ridge e were fairly 

wide and the widths quite uniform except the last ridge, which 

 

xrower than the othere. So the widths of the ridges WEiki a 

were practically the eaele during the initial low and high 

temperature periods and there were no ridges formed in the 

   

low-teelperature period or poeeiely the last ridge re-

lt3 this period but the scales removed at the 'eeginning 

 

final 

 

preeet 

and at the end of this period were co similar that this was 

hard to decide. 

In experiment J3, 9 ridges were formed during the experi- 

went; the first 4 ridges eere fairly wide and the last 5 ridges 

somewhat narrower, the ridge et the edge of the ocale being 

the narrowest. So the ridges formed in the initial low-tempera- 

 

Jiriod were slightly 'eider than those of the high-tempera ture 

 

ture 1)eriod, the lust narrow ridge on the scale possibly 

belouging to the final low-temperature period. 

In experiment W4, there were about 7 ridges formed in 

the eitial low and high-temperature periode together, the 

widths being fairly uniform except the firet ridge next the 

transference check WEB narrower than the others ane the last 

 

.dgee (especially the lest) were slightly narrower than two r 

 

the preceding ridges. There were no ridges formed in the 

final low-temperature period, for the scales removed at She 
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beginning and at the end of this period showed the same mark- 

ings. 

width 

o in this case there was no percertible change in the 

of the ridges when the fish WAS shifted from the low to 

the high temperature but narro er ridges were formed at the 

end o f the high temperature period when the feeding dropped 

off rapidly. In the temperature experiment F8, the uame Fro-

pedure was followed as in the above four experiments except 

that the fish was in salt water. It WAS kept nt n low tempera- 

ture for 46 days, at 	high temperature for 31 days, and again 

at 
	

low temperature for 32 days (Fig. 28). The mean tepera- 

tures for the respective periods were 11.7 ° , 16.5 0  cud 11.9°. 

Durin g the initial low-temperature period, the feedin was 

increasing proportionately with the rising temperature. The 

mextum feeding occurred at a temper .ture of 13.8 °  in the 

first day of the high-temperature period when the temperature 

was r aised only about a degree. During the remainder of this 

perio d, the temperature was between 16° and 18 °  and the feed-

ing d eclined steadily; and there was a sudden drop in feeding 

with the change to the low temperature. The means for the 

reap ctive periods liere 11.0, L= . .4 and 5.0 slices of herring 

per d ny. The scales (Fig. 29) showed 9 aide ridges formed in 

the i nitinl low-tempern ure period and 10 narrow ridges in the 

remai ning high and low-temperature periods together; the last 

ridge was the narrowest and the last 2 ridges at the edge of 

the s cab e were disconnected. That is, with the change from 

the 1 ow to the high temperature, the ridges becate narrower 

becau se the feeding in relation to the temperature was relat-

ively poorer; and ith the change back to the low tempeaature 

again the feeding dropped off at such a rate that the ridges 
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ridges were of the same width as teoee formed at the high 

temperature. 

:;(1,  in the temeereture experiments (;1_, 	 4 end F8) 

where the fish were shifted from a low to a high end then to a 

low tenpereture, it is quite evident that the width of the 

ridges 12 dependent on the relation between feeding and temp-

ernture. 	ith a sudden change frem a by to a high tempera- 

ture, The suddennens of the change adversely afects the 

feeding so that it increases at eslower rate than the temperr-

ture. Yoreover, the feeding decreased rapidly at the high 

temperatures when they rose above 13.8 - 15.0 ° . Consequently 

the change from a low to a high temperature in no case result-

ed in wider ridges at the high temperature but on the other 

hand some of the ridges were approximately the same width, 

some slightly narrower and some much narrower than the low 

tempt rature ridges, depending on the feeding. 

The sudecn change frole one teeeerature to another or 

from one feeding condition to another may or may not produce 

incomplete ridges on the scale at the time of the change. In 

Fig. 5 ray be seen incomplete ridges when the fish was suddenly 

changed from ration-feeding to unlimited feedine. At the end 

of the ration-fed eeriod apparently one or more ridges at the 

edge of the scele were incompletely formed, ond when better 

growth was initiated by better feeding, the latter ridges 

were left incomelete end new ridges formed around them. In 

some cases even the former edge of the scale can be seen as 

fairly distinct line between the old and new ridges. In 

°Leer changes from sod feeding to poor feedin e , from a high 

temperature to e low temperature, and from a low temperature 



7.8 

4.6 
40.4 

W 3 
Lature 
Male 

11111011111011 

	

14.0 	n . 7 v0  

5.6 

	

42.9 	-5.3 

Lean Temp. 

Lean Daily Food 
77t. Increment 

W4 
Ln.t 
Lal 

ure 0.6 

14.2 

5.3 

42.9 -2.3 

tile 

(an IvA5thetic method only) at the time of the change to remove 

sca len. A1so, different scales from the same fish may or may 

not sho7 incomplete ridges at the time of the change, no it 

see s to be merely a que:3tion of whether or not any of the 

rid Ges are Lno'mpletely formed at the particular time wbea 

chane was made. 

TABI.E 23  

UBAN TEPERgrnS,  P001) CONGMPTION ND 1=7:IRCnNTAGB, 

WEIGHT INCRJLENT3 I1 VARIOU° TELTEI aURE kERIODa 

OP EXPERIkENTS1-4  

Tem 

Lean Temp. 
lean Daily 2ood 

wt. Ineremniat 	 

lean Tep.  
Lean Daily Food  

4#t. Increment /0 

9.1 
2•4 

24.3 

	

7.8 	14.2 	9.1 

	

3.0 	4.6 	0.5 

	

28.6 	59.3 	-2.1 

W 1 
Immature 
Female 

)4ature 
Uale 

7.7 
4.6 

42.0 

14.0 

62.0 
•"'"'"""""""  

Mean Ter.;. , . 

,lean Daily Food 

Wt. increment 

, o9  

5.4 

33.8 

9. -  

•I o.n.o. 

to a high temperature incomplete ridges ma or may not be 

formed. The same aulied whether or not the fish was handled 

aerimentel Conditions 
	 Low 
	

High 
	

Low 
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; very definite check may be produced on the scale by 

trans ferring the fish flea one piece t: another. A large 

numbe r of teo year-old parr and smelts were brought from the 

3t. j ohn Hatchery to Jt. Andrews (about 70 miles) on May 20, 

19M, and all of the fish had checks on the scale doe to 

this trip. These transference checks are shown in figures 4, 

9, 11 13, 22, 24, 29, 38 and 52. They conuist of a very 

narro w band of closely spaced ritgeu, in these cases usually 

2-4 i a nuleber. The ridges were not only very narrow but were 

also disconnected and irre.ular, being very indistinct in 

places, giving .t'ne appearance of scale absorption. Checks of 

e See iemhat less definite nature were eroduced by transferring 

1 yee r-old parr from Joe's spring to Yxiiichol l s pring, a 

die tn lice of about hnlf a mile. Aloo checks, not nearly au 

distinct as the above, were produced by transferring fry on 

September 5, 1934 from the florenceville hatchery to t. 

Andrewe, a distance of ebout 110 eilea. It Idght be claimed 

that these transference checks are eroduced by the change in 

environmeet, change in temperature, change in food or what 

not, but the weakening of the fish during tranuference and 

the slow recovery thereafter would seem to be the most potent 

factor 	The fish transferred from :A. John to 5t. Andrews 

were not in the beet of condition because some were after-

wards inflticted with fungus growth. Also the fish moved from 

Joe'u to IcNichol'e spring were weakened in transit because 

too eany were carried in each hatchery-can on a hot day, the 

oxygen was reduced, an many of the fish died. In the tempera-

ture experiments described above, the fish were not taken 

from one trough and put in another, but the fish, water and 
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trough were moved together from one part of the eet-Up to 

another. Consequently the fish were not upset very much or 

weakened in any way by the transference and a check was not 

produced on the scale. e.oreover, soele ef the fish were noved 

around quite frequently from one part of the set-up to another 

when less care was taken and corresponding checks were seldom 

produced by the transference. Thompson (1926) transferred 

Medd 

tank 

week 

ock, Colling and 'ehitire from the sea to experimental 

s. The fish were well-fed hut he found that "Two or three 

s  were necessary before the fish accommodnted themselves 

to the new conditions, and this check in growth wes marked by 

an apparent ("false") winter ark on the scales in all trues 

wher 

seas 

e the transference of fish was carried out durine the 

on of greatest Towth." 

In experiments A1-2; B1 • i.3-4; and B3-4, very definite 

checks were produced on the scales at the beginning of the 

expe riments on eptember n5, 1934. These checks are quite 

simi ler to the transference checks, i. e. they consisted of 

1-2 narrow ridges, usually surrounded by indistinct, disconu-

ecte d parts cf ridges which have the Repearance of slight 

Seal c absorption. The cause of the checks was the rough 

hand line the fsh received when scele samples and measure- 

ment were being taken on the live fish, in these experiments 

the fish were not anaesthetized to facilitate handling but 

were enclosed in cheesecloth straight-jackets which were 

tigh tend on them H.ntil they could be held firmly. The fish 

woul d be out of eater less than a minute but the struieling 

evid ently weakened the fish sufficiently to upset its normal 

grow th. These fish were handled the se way on June 10, 
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1935 to take more scale samples and measurer:lents, and again 

the same type of coale check was produced in all the fish 

except B 3. This 1th was being ration-fed so the ridges :ere 

all narrow and no check could be distinguished. It is quite 

possible, however, that the check formed on June 10, 1935, 

may mark the end of e so-clled winter check as well as a 

check due to handling. The history of the experiments is as 

follows. .irom 6eptember 25 to December 10, 1934, the fish 

were arranged in the summer set-up and the temperature wee 

between 6 and 11 g . From December 10, 1934 to ljay 1L, 1935 • 

the fish were arranged in the winter set-up, i.e. all 

crowded up nround the spring and a nouse built around them, 

the temperature being 4 - 7°. And from liay 18 to oeptember 

24, 1935, they were again spread out in the summer set-up 

(see Yig. 2), the temperature then bein. Se..ween 6 and 17 ° . 

Now the interesting thing about the scales was to determine 

where the winter check ended. But on the sca'es removed at 

the end f the experiments ( ept. 	19) the two tout 

prominent checks were those formed on . ;eptember 25, 1935 and 

June 10, 1935 ehich were due to handling. The ridges between 

these checks were narrower than the ridges folio in the June 

10 check. On June 10 the scales removed from sore of the 

fish had 1 or 2 raefrow, incomplete ridges nt the edge of the 

scale while the scales fro other fish did not have these 

narrow ridges at the edge. It is quite evident then that the 

"hendling" check of June 10 appearing on scales removed Pt 

the end of the experiment was not all due to handling, in 

some of the fish at least, bcause some of the narrow ridges 

were formed previous to June 10. It was on 1,:ay 18 that the 



faint, more so in some phlees than in others. 3o it was at first 

ditions, the end of a winter check in formed in the sprint and 

on the contrzry it 19 a common occurrence in Cant:C.:Loll avtlantic 

rivers. The scute thing is found by 1i:.-111 (1911 in I;orway and 

rosion GO he calls it, but could not :ind aly. Ilis agrees 

fish weY'e shifted frofa the vinter to the suLlmer net-Up and 
r - -- 
consequently to a sudden increase in tempeature. This would 

result in o sodtien change in Lrowth -.17te which, 	we 1-ive 

seen elsewhere, often produces mu - row, incomplete ridges. If 

this view is correct, it would mean that under certain eon- 

not in the fall or winter, but the facts L IVfl shove are cert- 

ainly not sufficient to show thP.t this is 30, Getting back 

again to .  the effect of handling the fish in produing: -  scale 

checks, it should be pointed out that if the fish are anaesth-

‘, tImed, it is ui i:oonible to reii_ove scales, take measurements, 

eto. without any ceek bein, formed on the scale as a 

result of the handlin(„. Thiu happencd in i,lany of the experi-

ments Pnd it shows th R t the "hndling" check 1roueed when 

fish are not p_aaesthetized is due to tl_e weakened or upset, 

condition of the fish after such a strua,le. 

The twolve parr in the a neries of experients werc 

apened and the sex determined; eit;ht of the fish were mature 

mien, one was an immature mnle and three were ir_mature females. 

The large number of mature male parr is not extradorinary but 

by ilasterman (1913) in Lngland. 	sterman axnminod the scales 

)f mature male smolts fur the presence of absorption or 

with our oohclusion concerning the mature my1e purr in thse 

experiLlente. vev()v, the edc:t; of tLOAJ 1A*.les presented a 

peculair granular appearance and the last ridge or uo Win very 

• 
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thought that this mie:ht represent a alight absorption of 

only the outer layer of the scale. 	he edges of the sceles 

from the immature male nnd the three immature femeles had 

exectly the same appearance, so sexual maturity is certainly 

not directly responsible for this cendition. another mature 

mete parr was taken later in the fall on November 19 end 

used to fertiliee some landlocked saloon eggs. The edges of 

the scales showed the name granular, aepenrance and indistinct-

ness of the ridges but wes no greeter in extent than in the 

above fieh. 

eince the feeding was very poor during the latter part 

of all these cxperients, it is oelieved that the absorption-

like appearance of the ridges at tee edge of the scale is due 

merely to very poor growth. That iii, poor scale erowth eiay be 

reeresented by very fine disconnected ridges. Thin wati e.eactly 

the appearance of the edgea of the scales which were removed 

from the e fish et the beginning of the experiments and which 

were described as transference checks. That is, the check at 

the edge of the scale was not very prominent eut consisted of 

indistinct ridges or more correctly, earts of ridges. But the 

transference checks (see fig. 4, 0, 11, 24) on the scales 

removed at the end of these experiments were very prominent 

because the first ridge er so laid down et the begi nning of 

the experiment wes quite distinct and very close to the in-

distinct, disconnected ridges rreviously formed. It i the 

latter ridges which give to these checks the arpeerence of 

slight ocnle absorption. euite often  also the end of a winter 

check presents a granular appearance of the outer le,er of 

the scale which resembles absorption but in all these cases 
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it woul d seem more eroperly interpreted ea very poor growth 

which i s insufficient to form distinct ridgee. In the scale 

regener etion erseriment nl, indistinct ridges nt the edge of 

the see le could be quite definitely correlated with poor 

feeding because scales were removed et various times during 

the exp eriment. At the end of the experiment, scales were 

removed from different places on the body of the fish. end all 

of thee e sceles had 1 or 2 indietinet ridges at the edge (Fige 

52). But of the verious scaler removed from the livine fish 

during the experiment, only those renove - d during the last 11 

days of the experiment poesessed these indistinct ridges and 

it was at this time that. the feeding was poorest. 

That starvation wee an important factor in producing a 

check on the scele was shorn in experiment V2. The fish wes 

starved for 35 days end well-fed before and after the starve 

ation period. The ] oso in ."eight wes 9.8 per cent and after 

starvation the reight increased 68.4 per cent in the first 

month and :: 17.7 er cent in the second, The feeding was only 

fair for the first two weeks after the starvation leerio4 but 

 

following six eeke showed rapid improvenent. The in the 

 

ecele growth consisted of 6 narrow ridgee followed. by 7-8 wide 

ridges 

check, 

(fig. 33). The 6 narrow ridges formed e very definite 

FOrle of the ridges being incomplete and some exikenaing 

all the way down the sides of the scale. 'the first two 

ridges of the check were very nerrow and incote lete end were 

possibly formed during the starvation period; the remaining 

four ridges of the check are not so narrow and were formed 

dering the two weeks' reccvcr; period subsequent to starv- 

ation when the feeding W8 only fair. The wide ridges follow- 
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ing the ch eck were formed during the laet six weeks of the 

experiment wneu the feeding was very good. The starvation 

check on t hese scales is quite similar to a winter check 

except tha t in the later, the change from wide to narrow 

ridges is uuuaily more gradual. The interpretation of only a 

umell part of this starvation check being foreled during the 

starvation period and tee greater part when feeding was resumed 

is based 1 argely on the results of other starvation experiments. 

For inetan ce, in experiments 1A7, LA7, and 1B7 the fish were 

-starved fo ✓ approximately 8 eonths and not fed again after 

being star ved. in these cases, there may have been one or even 

two ridges Termed on the scale during the starvation period 

but there was certainly n check as definite or as extensive 

as the sta rvation check in V2 experiment where the fish was 

starved fo ✓ only 35 days. 

rha po the most definite check of all is that associated 

with spawn ing or rettier the onset if sexual maturity (Fie. 36). 

These so-c ailed upawhine marks are formed by the eredual aboorp- 

tion of th e periphery of the scale Burin the ripening of the 

sexual org ans. The absorption begins at the posterior end of 

the scale and works forwerd along the eeees, both layers of the 

scale being affected, but usually more of the outer layer is 

absorbed than the inner layer. In spring end early suemer the 

absorption is only slight end confined to the 	ozed portion 

of the scale and part of the ridged portion at the junction of 

these two areas. Late in the fell at spawning time when the 

sexual org ens re fully developed, the absorption eay extend 

all the wa y around the periphery of the ucele and be so ex-

tensive an to wipe uu t. 	previous w.rir ceece rnd even part 
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of the previous summer's growth. During this 	the fish 

apparen tly voluntarily censee feeding bet when the spawning act 

is over and feeding resumed, the new rideen of scale meterinl 

laid do wn are not parallel with the old ridges, due to unequal 

absorpt ion at anterior and Tosterior ends of the scale, thus 

leaving a definite and characteristic mark on the scale. c.uite 

charact eristic also are the ridgeless areas of the old scale 

which n re Bet filled in by subsequent scale growth. Because of 

the slo - recovery after such a prolonged fest, in some cases 

over a year (Huntemen, 1936), the first few ridges following 

the spawning mark are usually quite narrow and in this respect 

 

• Tareble with the narrow ridges of the starvation check are cot. 

 

in experiment V2 which were produced in the two weeks' recovery 

period. 

tion Vif 

mental 

Breton 

following a starvation period of 35 days. .,icale absorp-

s also found hseocinted with splenectasis in an experi-

fish (F2, Figs 38) and in a fish from roper Brook, Cape 

Island. This type of absorption, ho ever, is not likely 

to be confused with spawning absorption for several reasons. 

There ore great variations in the extent of the absorption 

on dif 

tremel 

the ab 

cry of 

On the 

lees, 

the an 

approx 

of sea 

disple 

erent scales from the same fish; some scelee are ex- 

r absorbed, some only slightly and some not atall. Also 

3orption might appear locally anywhere around the periph-

the scale without other areas being in the least affected. 

other hand, spawning absorption is always proe,ressivel 

r,oing along the margin of the scale from the -posterior to 

tenor end and all the 	 the sane fish a] 

imately effected to the 
	 The only other type 

le absorption which we have found WPS that due to the 

cement of e scale in its pocket and for the same reasons 
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jaiB might also be distinguished from spawning pboorption, 

although not so readily. 

icale displacement wes Attempted in eeperiment Ifc,; to 

determine the various tepes of checks that eight be produced 

in that way. A 263 mm. smolt wns anaesthetized and from one 

area on the body, 10 scales were removed from their pockets 

and then replaced, and in another area the ekin wse rubbed 

sufficiently to loosed the scales without removing them. At 

the end of two months, the fish had increased in length 6.1 

per cent and these scales were then exaeined. The 10 scales 

thet hed been removed end ut back in the pockets evidently 

did not remain fop these eockees contained only regenerated 

scales. In the Area where the skin WrIt3 rubbed, the scales 

showed various tepee of ohecke, depending presumably  .  n the 

amount of displacement. The most noticeable check is shown 

in Fie. 41. This scale was pbsorbed all the way around the 

edge end included both layers. eurrounding the absorbed edge 

sre 3 or more ridges of new growth. The check thus formed 

resembles a epawning mark eecept in the regulerity of contour 

and the absence of ridgeless ucara so characteristic of spawn-

ing marks, ::;ome ecales were absorbed only at the posterior edge 

others only at the anterior edge while still others showed 

only elieht abeor.tion of the outer layer only. The latter 

type wee not Re definite as the other cheeks and an example 

is shown in fie., 42, ehether such elieht cheeks shoe true 

absorption or not is really difficelt to determine, beceuee 

the absorption-like eppeerence i ht possibly be due to in-

distinct ridges left incoelpleted by new groeth after slight 
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disalac 

much in 

after t 

the two 

ement. Apparently the scales were not distorted very 

their 1)cketo but in many of them the new ridges formed 

he check were not parallel with the old ridges. Jo 

most prominent features of a displacement check be- 

sides apparent distortion are 

irregularity of the direction 

to tae old. lasplaced scale° 

in scale collections of adult 

ocale absorption and the 

of the new ridges in relation 

were quite frequently observed 

salmon fron various biew :ruaswick 

rivers but, ns would be ex_aected, were :ore frequently found 

in experimental fish. Various degrees of displacement from 

the main longitudinal axis have been rioted and various degrees 

of absorption. i,nd although the entire edge may be absorbed, 

it mor 

end an 

volved 

cry of 

are no 

fore n 

to und 

ways 7 

3 
frequently happeno that only the sides and posterior 

e absorbed. 't would ai.pear then that the cells in- 

in scale absorption are those situated at the per/ph

the rocket and the edges of the displaced scale that 

t in contact with the eriphery of the kocket are there 

ot absorbed. If this view is correct, it is quite easy 

eratand why a scale dislodged out not displaced side-

ay have bsorition all the way around the edge and why 

a seal e displaced sideways and posteriorly would have absorp- 

tion at tyke ides and osterior end but not at the anterior 

end. 

;cale checks are also often found on regenerating scales. 

In the scale regeneration experiment A, it was shown that the 

rate of regeneration IN'A3 very rapid during the first 17 dayo 

and no ridges vere formed, but from 17 to 59 days the rate of 

regeneration was auch slower aad the number of ridges gradually 
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ed from 2 to 3. The width of these ridges is lekeeise 

ned by the rate of regeneration. The first ridges 

e formed when the scele is growtto re-idly are very 

t the widths decrense gradunlly with the decrensint; 

ocale growth ne the sonle rpproaches the size of noreial 

A check ie usually formed on the recenereting scale 

completely fills the ecele pocket and resumes eormal 

rowth (Fig. 52). However, the nnture of the check 

coneiderably, preauma --ly depending on the rete of 

of the fish et the time. In come cases there are two 

•  very earrow ride, while in other instenceo the spnc-

the ridges grndes more or less iteensibly -  into the 

ridge er:ecing. Although such checks might be useful in 

a epeciel inventigetion to determine the size of the fish -Alen 

a particulr injury occurred, they n re in no way confusing in 

age determination because regenernted scale ceeinot he used 

for such purpoteu. 

In a sample of series freet .  a fish one frequently finds 

both regenereted and normal ecales, suite often the normal 

scales exhibit a check or even ecele abortion which corr-

esponds with the time that the other scales were lost end 

regenereted. In the '.hove experiments, about 50 scalee were 

removed at the beginning of the experiment, so in shout fifteen 

of the fish the normal scales.eurroundinu this erea were 

carefully examiri d at the end of the experiment  for  the 

presence of checks due to scale regeneration. The normal 

scales neer the regener*ted scelee &Jawed fairly definite 

checks in the form of 2 or 3 discontinuoue, narrow ridges. 

increns 

deterrni 

thRt ar 

wide u 

rete of 

sceles, 

when it 

scale g 

varies 

growth 

or more 

ing of 

normal 
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(fi .56) • The normal scales are retarded in arowth only 

during t. he time when the regenerating miles are growttg at 

the fast est rate, namely, at the commencement of regeneration. 

The effe ct, however, is only local because checks were not 

found on normal scales more than 3 scales away from the re- 

genereti on area. Lioreover, it depends to some extent on the 

number o f scales that are being regenerated, for normal scales 

adjacent to a single regenerated scale do not show any appreci-

able che ck in growth. The absorption of normal scales that 

can be c orrelated with regenerated scales is not produced to 

supply s cele material for the rapidly growing regenerating 

scales ut results from the displacement of these scales at 

the same time thet other scales are completely dislodged 

from the ir aockets. 

will be seen, checks can be produced on salmon scales 

in vario us ways. But the imaortent thing is whether these 

checks c nn be distinguished from winter or annual checks. The 

latter a re the ones used in age determinations end in celcul-

ations o f fish lengths at different ages, so it is necessary to 

be oble to distinguish. them from acceeeory checks. The winter 

checks a re composed of a number of narrow ridges which are in-

complete et the sides of the scale, the width of the ridges 

usually showing a progressive narrowing in the poetero-anterior 

direction. The river-winter chocks differ from the sea-winter 

checks mainly in having fewer ridges. But the river-I:inter 

checks usually have a granular-like appearance at the anterior 

edge, whereas the nee-winter checks seldom haste the granular-

like Appearance and do not show such a definite break from one 
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year's growth to the net. In fact, it is often very 

difficult to determine the anterior edge of a sea-winter 

check. The appearance of the two typeo of checks would seem 

to indicate that the fish in the river cease . feeding during 

the winter but in the sea continue to feed to some extent. 

The st. John salmon, however, fairly frequently have a sea-

winter check in the form of a narrow bend of only 2 or 3 very 

narrow ridges, much the same as the river-winter checks. 

Such a definite sea-winter check is not found in hiramichi 

salmon and the fish from these two rivers no doubt have differ-

ent feeding grounds in the sea. Such a view is also favoured 

by the larger average sizes of the St. John sea year-classes. 

Some of the checks produced in thse experiments can be 

distinguished from winter checks but others again cnnnot. 

The spawning marks, scale-displacement checks, checks on 

regenerating scales and checks in normal scales due to re!. 

generating scales should not be misteken for winter checks. 

The handling and transference checks were somewhat similar 

to river-winter checks and would be quite confusing. The 

check following starvation was quite sitAlar to a sea-winter 

check. Some of the food and temperAture checks were similar 

to winter checks and some were not, which of course depends 
change 

on the extent of the flied:Kaput 

factors. It is thus possible to have checks formed at any 

time of the year, which could 'e confused with the annual 

winter checks. It is therefore necessary to know 'watch scales 

give doubtful readings and the best method is to discard such 

scales. One who believes hecen tell the age of any and 

every saliron he examines is in grave driger of making many 

and the relation between the two 
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errors. else judgement in selecting or discarding material 

would undoubtedly give more accurate results. 

Concerning the factors involved in the production of 

annul zones on the scales of fish, many opinions have been 

given. The experimental evidence will be briefly reviewed. 

Thomson (1904) retained a whiting in captivity from e.ey, 1902 

until July, 190:5. The fish was fed daily but the temperature 

of the water 'ens uncontrolled. 
	ince there was no evident 

winter chec• on the scales, he eels of the opinion that it is 

the amount of food supply, rather than variation in te:eper- 

sture, 

(1913) 

ments 

not ve 

and wi 

the wn 

which causes the formation of annual checks. Cutler 

controlled both food and temperature in his experi- 

on plaice and flounders. Although the experiments were 

ry successful, he nevertheless Concluded that seeemer 

nter bands are due to changes in the tempereture of 

ter in which the animals are living. Concerning food 

he says, "The amount of food which the fish consumes and its 

genera 1 condition does not affect the production of summer 

and winter bends: the only effect ehich poor nutrition scene 

to have on the scalie is a t!Aldency for the production of few 

soderites." Van Oosten (1923) studied adult whitefish retained 

in the New York Aquarium, and found that temperature and sex-

ual maturity eseumed primare.  significence in the formation of 

annuli. Thompson (1926) found that winter temperatures pro-

duced checks on the scales of Gadoid fisher, '  even though the 

food.supply wa plentiful. Gray and 'ietna (1931) examined 

scales of rainbow trout (Salm° irideus) fed by hand contin-

uously throughout the year and did not find any well-defined 

suemer or winter zones. This, they thought, eliminated the 
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re vnrirtione may toossibly have n indirect effe-t 

e variations in the production, consumption, or 

ion of food by the fish." Bhatia (1931b) confirmed 

results by a criLical study of his material as well 

f Gray and Setnn (1931). 

erning salmon, we have shown thet at high tempera- 

thin certain li6lits) wider ridges are formed than 

mperntures. Likewise an unlimited food supply pro- 

en ridges than a limited diet. eo as far es these 

o, the annual checks produced by salmon living 

ural conditions :light be the result of either a 

of food or low temper; -etures. The salmon retained 
0 

er at temperatures betw.en 5 end 6 showed a check 
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suggestion thnt the periodicity of circulus width found in 

other members of the beleionoid family (when under natural 

conditions) is due to an inherent rhythm over which the envir-

onment has no control. They nlso found thnt fish fed with 

abundant food form abnormally wide rings, even during the 

winter months, and fish fed with limited diet develoy abnorm- 

ally narrow rings. They did not control the temperature but 

stated that it should not be inferred fr m their -xperiments 

that it is without effqt. Bhatia (1931n), also working eith 

 

rout, came to somewhat the same conclusion. he rainbow t 

 

saes, "The chief factor concerntd in the formation of broad 

 

'suruner and winter rings' is the abundence or or narrow 

scarcity of food, and not the rise or fall of, temperature. 

 

soles even though they were fed continuously. So on theer 

in this respect the salmon differ from eninbow trout. Our 
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real' 

co no 

to h 

r i m 

as w 

1t are certainly not in agreement with Cutler's 

lusion that 'the only effect which poor nutrition seems 

Ave on the scales is n tendency for the production of 

3clerites." For the ration-fed salmon produced narrower 

ell no fewer ridges than the well-fed fish. 
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Effect of Temperature 	good on the Eeletion bet eeri  

Scale-length and Fish-lene;th. 

The relation between scale growth and fish growth is of 

ticular iarcortance in fishery ork in connectionwith the 

nods eJ4loyed in calculating the length of a fish et earlier 

s from its scales. Lea (1910) determined lengths of 

pea herengus at dif erent winter trends by aesuming linear 

portion between scale 'length end fish length. Lee (1912) 

ever, points out thpt the lencths celculated on this assUmp- 

n do not 'Agree with the empiric lengths. Using Lea's material 

cell as her own sha noticed that for corresponding years the 

al lengths calculated from the scales of old fish were 

eye lower than those calculnted from the ecales of young 

h. This discrepancy she calls "the phenomenon .1 apparent 

nge in growth-rate." Huntsman (1918) studied the rdetion 

sc lelength to fish leneth for several species of fishes. 

Clupea  harenrus,  Taut° olabrue, adeeereus, ,imeudoeleuropectee  

ric•nus, and Iomolobus p3eudoharengue he found that the 

ero-posterior diameters of the scales did not grow at the 

e rate as the body threughout life. In another paper 

tsman (191e) points out that by the use of a "movable 

ve" cut out of cardboard or wood one can compensate for 

differential growth of the scale compared with that of the 

bod y and for the difference in the time of origin of the 

var ious scales accordigg to BiZe. 

Another method of calculating fish lengths from scale 

len gths was introduced by Fry (1935). he found that the 

rel ationship between scale length and fish length could be 
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represen ted by a straight line by plotting log ecale leneth 

against log fish leneth minus the length of the fish when the 

scales a re first formed. This roved true in a number of 

species of teleost fishes, namely Clupee hareneus, Tauto-

eolebrus  adapersus end eseudopleuronectes americanus (data 

from Hun tsman, 1918); Alosa sapidissima  (ata from Leim, 1924); 

Gadus ca llariuo (dete from )uff, 1929); Coregonue citeeaformis  

and the lake Huron race of Leucichthye artedi (data from 

Van Oest en, 1929); and Oncorhynchus nerka (data fro. 161nlop, 

1924). The method is an application of uxley'a (193e) 

differen tial growth formula, nemely log. y 	lot; b 	k loe x, 

where y and x represent the dimensions of the two characters 

compared, b 16  a constnrit describing the intercept on the 

y axis, end k 	a constant describing the slope of the line. 

In a considerable number of organisms Huxley had shown that 

this equation represents the relative growth of parts of the 

animal in the form of a straight line. He points out, 

however, that the commencement of growth in the two parts 

must be simultaneous. For instance the equation cannot be 

eielied to the relative growth of organs in an embryo when 

one organ is formed some time later than the other. In 

comparing scale growth with fish growth it is for this reason 

that Fry 

from the 

Kerr (193 

body grow 

extrapola 

when scel 

subtracts the length of the filth et scale formation 

final leneth of the fish. In the ease of E104aa salar 

9) found the arithmetic relationship between scele-

th was in the form of a parabola curve and by 

tion he determined that salmon were 24 nm. in length 

es first a ; peared. Using his results and plotting fish 
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length minus 24' men. ageinst scale length or doul:le log 

paper a straight line was obtained nigh agrees with Fry's 

conclus 

Si 

ions concerning other species of fieheo. 

nce the amount of food and tempernture of the water in 

1 

different streams vary considerably, it is necessary to know 

Whet effect such environmental factors might have on the 

relation between ecole growth and body-gro-th. For this 

purpose four oets of experimento in all were takried out: 

one on 

one on 

fry (04 year-old) from the Florenceville HetcherY, 

14 yeer-old and another on 24 year-old parr from the 

St. John Hatchery, and the fourth on 2$ yeer-old omolts from 

the St. John Hatchery. 

The fry experiments, A 5-6 B 5-6, were started on 

October 15, 1934 and comeleted on iepteiiber e,7, 1935. The 

A 5 fr . 

fry et 

high t 

high t 

were rt a low temperature and retion-fed, the A 6 

a low temperature and well-fed, the B 5 fry at a 

repernture and ration-fed, end the B 6 fry at a 

emperature and well-fed. it the end of the expert- 

merit the length:3 of the fish v:ere measured from the tip of 

the sn out to the end of the middle ray of the caudal fin, 

nnd th e lengths of the scaled from the focus to the anterior 

edge; the sane measurements were also taken in the other 

sets o f experiments. The oceles were taken on both sides 

of tee fish between thelateral line and posterior base of 

the do rsal fin. The inean seA.e length for each fish was 

comeut ed from ten or more scales, actual numbers from each 

face. The log scale length on the # - axis ie ;lotted aeainst 



length minus 24 mm. (length at scale formetion) on the log fie} 

i n fig. 60 (and listed in tables 28-31). The best 

straight line ttrol)ch the points we determined by the met od of 

x-axis i 

leant s( 

log y = 

end the 

seleete 

value i 

but th 

describ 

lative 

1 the s 

of k ter 

faster 

sceles 

other w 

rate of 

the bod 

luares. That is the constants b end k in the equation, 

log b 4  k log x, were determined by least squares 

values of log y cnlculnted from this equation for 

I values of log x. The constant b is of no particular 

a these experiments except for plotting the lines 

e value of the conetent k in of imeortence since it 

es the slope of the line thus indiceting.the re-

erowth of body and scale. ..hen the value of k is 

:elen and body are growing at the same rate. Values 

eater than 1 mean thet the scales are growing at a 

rate than the ody and values less than 1 thet the 

are crewing at a slower rate than the body. In 

ores the higher the value of k, the faster is the 

of the cale in relation to the growth of 

as follows: 

- 2.0286 .8853 loe x 

- 2.1332 .# .9441 log x 

- 2.1094 4 .9282 log x 

- 2.4175 1.0974 log x 

growth. 

y. The equations are 

A 

A 6 

B 5 

6 

log y 

log p r 

log y = 

log y 

The vel ues of k are listed in table 24 together with the 

mean lengths of the fish in each group. The mean fish 

lengths show the relnti e rates of growth in the various 

groups for all of the fish were of the eerie length at the 

beginnine of the experiments. As will be seen from this 
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table the value of k is higher nt the higher temperature 

(B 6) than at the lower tempernture (A 6) if the fish are 

well-fed or if they are tation-fed (B 5 end A 5). The 

k-value is also higher when the fish -re well-fed than when 

ration-fed-at either high (B 7 and B 5) or low (A 6 and A 5) 

temperatures. koreover it should be noted that there is a 

correlation between the k-v'lyes and the lengths of the 

fish wi 

fester 

0,ch means that the scaler are growing relatively 

in comparison with body growth in fast growing fidh 

than in slow growing fish. 

Fig. 60. Relation between sole length and fish length, in 
experiments A 5-6 B 5-6; A 5 (low temp. ration fed); 
A 6 (low temp., well-fed); B 5 (high temp., rrtion- 
fed); B 6 (high temp., ':!e)l-fed). 
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4. Values of k .rid keen Fish Lengths in ex.eeri-

elents J. 5-6 B 6-6. 

expt eo.ef. 	h 	e.ean fish 
	

Time 
Values lencth mm. 

31 	.665 	75.06 T 1.42 	Oct.15/34 

Low temp.;well-fed e 6 	40 	•944 91.12 T 1.64 	to 
0.011■11...../.1•1011.04  

• 	temp;retion-fed B 5 15 	.928 78. " i 2.40 	eept.27/3b  

High temp;well-fed 	B 6 26 	1.097 	99.29 ; 3.01 348 dads 

and om 

ments, 

temper 

The le 

at the 

fish-g 

detere 

n the remaining food-temperature experiments on parr 

olts there were only four fish in each set of experi-

eech fish being either well-fed at a high or low 

ature, or ration-fed at a high or low tempereture. 

ngth of the fish and a sample of scale were taken 

beginning and at the end of the experiment so that 

rowth and scale-growth during, the experiment Gould be 

ined and compared. However, in some cases the sceles 

removed at the beginning of the experiment from one side 

of the body were not from the same relative position as 

uoeles 

ore os 

removed at the end of the experiment from the 

te side of the body. For that reason the differences 

between the lengths of the scales et the beginning and at 

the end of the experiment do not accurately reeresent the 

growth of the sceles during the experiment because the 

IlL
scales from different parts of the body vary in size (esdeile, 

1912 nnd Dennevig, 1931). But the handling f the fish at 

the beginning of the experiments produced checks on the 

Experimental 
Conditioes  eo. eish 

Low temp.;rationfed e 5 
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scales nod the distance from the check to the edge of the 

scele represents the growth of the scale during the experi-

ment 
	To determine the relation between scrie-growth and 

fish -growth durieg the experiment the log length of the 

sc ,A. e from the feces to the handling check and free! the 

focu o to the edge of the scale hove been plotted. against 

the log length (minus 24mm.) of the fish at the beginning 

and at the end of the experieent respectively. From the 

line joining these points the k/value hes been determined 

by looking up the tpngent of the angle that the line makes 

with the base line. 

The eeperimente, A 1-2 B 1-2, with 2i yeer-old parr 

were carried out in the sunmer of 1935 from June 8 to 

September 24, a period of 108 dtys. Fish A 1 VMS retion-fed at 

a lo r temperature, A 2 well-fed at a Tow-temperature, B 1 

ration-fed et a high temperpture, end .13 2 well-fed et a 

high temperature. The log scale lengths are plotted against 

log fish lengthe in fig. 61. The k-values and percentage 

length increments of the fiab re given in table ee. In 

thief net of expeeLeents the value of k is hi6her et the 

higher temeereture (e 2) than et the lower terpereture 

(A2) if the fish is well-fed but lower if it is rrtion-fed 

(B1 eed A 1 ). 	leo the value of k is higher when the fish 

is well-fed than then ration-fed et either high (B 2 and i 1) 

 

..0117 (A, 2 anfi 	1) temperriturer, • ae in the eeevioue or 

  

experiments there is perfect pgreelient between the k-velees 

end rate of body erortb. Inrticuler attention ehould be 

called to the fact that the ration-fed fish B 1 at the high 
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t(,,Iperature showed poorer growth and a. lower k-value than 

the ration-fed fish A 1 at the low temperature while in the 

previous et of experiments the ration-fed fish .'B 5 at the 

high temperature showed better Growth and a higher k-value 

 

le ration-fed fish A 5 at the Thw temperature. That 

k-value in thee() cases cril be correlated with rate 

than ti-

ts the 

of growth but not with temperature. 

61. Reletion between scale lenth and filth length in 
experiments A 1-2 B 1-2; A 1 (low temp.,ration-fed; 
A 2 (low temp., well-fed); B 1 (high temp., ration-fed; 
B 6 (high temp., wel1-fed). 



?able 25. Values of k and kercente 1,1uh-len i: th increLients 

in ex-eeriments A 1-2 B 1-2. 

Ex 
co 

perimental 	xpt. No.of 	K 	Fish-length Time 
nditions 	No. 	6celee Values 	Increment 

per cent 

emp;eRtion-fed B 1 High t 5 	.91 	19.0 	106 days 
	,./...■••■•■■••■•••••■•••■•■■■■■, 0111.1111101■■••■■•=014.11• 

1.13 	45.9 2 High temp;well-fed 

con tin 

Septem 

A 4 we 

peratu 

lntion 

the k-

listed 

ued for one year, beginninc .;eptember 25/34 and ending 

ber 24/35. Fish A 3 wns ration-fed at a low temperature, 

11-fed at a low temperature, B 3 ration-fed at a high tem-

re, and B 5 well-fed at a high temperature. The re-

between scale i„J•owth and fish growth is shown in fit„.62, 

values and percentage fish-length increiaents being 

in table 26. This net of experiments is in acreement 

low tempernture has a higher k-v-lue than the well-fed 

4 at the low temperature. Likewise as in the previous 

Rt the 

fish A 

correlated with the rate of growth of the fish. can be 
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Low temprntion-fed A 1 	13 	.96 	28.2 	June 8/35 
to 

Low temp;well-fed 	A 2 	12 	1.08 	41.8 	Sept.24/3.5 

The experiments A 3-4 13 3-4 with 1+ yefr-old parr were 

with the previous set except that the ration-fed fish A 3 

experiments the values of k, with the exception of A 3, 



'rag. 62. between scPle length and fish length in 
experiments A 3-4 B 3-4; A 3 (low tep., ration-fed 
A 4 (low temp., -.yell-fed); B 3 (high telTp., ration- 
fed); B 4 (high temp., ,e711-fed). 
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Table 26. Values of k and iercentnee Fish-length Increments  

in experiments J, 3-4 B 3-4. 

Time 
xperimental 
conditions 

expt 
No. 

No. of 
sceles 

K 
Values 

Fish-length 
increments 
per cent  

Low tetep;retion-fed e  3 11 .69 4 	.4 dept .E5,"34 

Low temp; well-fed A 4 99.3 to 

High temp;ration-fed B 3 2 .74 37.b .eept.24/35 

High temp;well-fed B 4 10 .a6 108.1 L year. 

The experiments w th 2* yerr-old smolts were carried 

out in salt-water whereas the fish in the previous experi-

ments were in freshweter. The experiments were started on 

June 9 and completed on September 30, 1936, a period of 

days. Unfortunetely two of the fish died before the 

experiment was completed. Of the two remaining fish, Y 5 

Was ration-fed et a low temperature and F 1 ration-fed at 

a high temperature. Fish F 5 had a k-value of 1.45 and 

increased in length 31.2 per cent while for Y 1 the k-

value was ?.:56 and the fish increased n length 26.3 per 

cent. That is the ration-fed fish at the high temperature 

had a lower k-value and showed poorer growth than the 

• 
 ration-fed fish at the low temperature and thus is in 

agreement with the other experiments. 

So from all of these experiments on the effect of 

temperature and food on the relation between scale-growth 

and fish-erowth the followine conclusions seem justifiable. 
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The ef feet of temperature is that a high temperature gives a 

higher ratio of scale-length to fish-leneth than a low 

temper, nture if the feeding is unlimited but a lower ratio 

if the feeding is hinted. The effect of focd is that an 

unlimi ted supply of food gives a higher ratio of scele- 

length to fish-length than a limited supple of food whether 

the temperature is high or low. Apparently the effect of 

ent temperatures and different amounts of food on the 

length, fish-length relationship is brought' about by 

tions in the rate of growth of the fish. So it might 

d that a rapidly growing fish will hnve a higher 

of scale-length to fish-length than a slow growing 

hen the rate of growth is detemlned by temperature 

differ 

scnle-

nitern 

be sat 

ratio 

fish w 

or foo 

apply 

result 

d conditions and it is quite possible that it would 

when growth is determined by other fndmrs. These 

s thus afford an explanation of Fry's (1937) obser- 

vations on the ciscoes of Lake Aipissing. In this lake 

he full 

earlie 

nd that the fast growing fish migrate to deep water 

r than the slow growing fish. In teble 27, token 

from his paper, a difference may be seen in the actual 

dirmet 

wt ter 

ers of the scales of slow growing fish from shallow 

and fast growing fish from deep nter. At equal 

ages the fast growing fish have larger scales than the 

slow growing fish which is what would be expected from the 

nbove results on salmon. Duff's (1929) results on cod, 

however, are not in agreement with the scale-body growth 

of salmon or ciocoes. He found that "During the eeriod in 
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which the rate of 0-owth of the leni;th of the fish is 

greatest, the scales nre growing at a considerably slower 

rmte than the fish.". 

Table 27 • Scale diameters of Lake Nipissiu; ciscoes in 

callow and deep wr , ter catches, 1934. 

    

Age Shallow ter 
diam. rAm. 

Deep - , ater 
diam. mm. 

1 	3.85 4,02 

	

4.97 
	

5.58 

3 	5.75 	 6.44 

4 	6.55 	 7.30 

5 	6.30 	 7.7c 

6 	 .77 	 6.3G 

7 	7.40 8.43 

-fable 28. Fish lerlth ('ins lenrth, 24 r. , t scale 

formntion) and scale lencth of fish in 	 A 5  

Vrsh 	Scale 
r,ength mm. Length mm. 

X 
	

Log x 	:ot", Y 

36 
	

1.5563 	1.3522 

3b 	.2461 	1,5798 	1.3945 

39 	.2297 	1.5911 	1.3617 

39 	.2602 	1.5911 	1.4150 
42 	.2463 	1.6232 	1.3909 
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Le 28 (continued) 

Fish 
Length 

X 

Scale 
Length mm. 

Y Log X Log Y 

43 .2436 1.6335 1.3874 

44 .2451 1.6435 1.609Z,  

46 .2813 1.6628 1.4487 

47 .2810 1.6721 1.4467 

47 .2911 1.6721 1. ,t639 

48 .2665 1.6612 1.4249 

49 .2d80 1.6002 1.4594 

50 .3088 1.6990 1.4900 

51 .2798 1.7066 1.4472 

51 .2646 1.7076 1,4548 
--/_'' / , ?076 7 , 4997 

52 .3754 1.7160 1.5740 

52 .3239 1.7160 1.5105 

52 .3013 1.7160 1.4600 

53 .3229 1.7243 1.5092 

53 .3146 1.7243 1.4983 

56 .3541. 1.4462 1.54 0 

57 .3392 1.7559 1.5302 

57 .3265 1.7559 i.5132 

59 .Vion 1.7789 1.5.00 

59 .3493 1.7709 1.5428 

60 .3398 1.7782 1.5315 

63 .3566 1.7993 1.5527 

63 .3798 .1.7993 1.5798 
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Table 28 (continued) 

Fish ----16=e' 
 Length mm. Length mm. 

63 .3283 1.7993 1.5159 

66 .3845 1.8195 1.5855 

Table 29. Fish length (minus length, 24 mm., at scale 

 formation) and scale length of fish  in Experiment  A 6 

Fish 	Scale 
Length mm. Length mm. 

X 	Y 	lo* X log Y 

1.3820 

1.4997 

1.4456 

1.5366 

1.4959 

1.5340 

44 .2413 1.6435 

46 .3160 1.6628 

50 .2788 .16990 

52 .3443 1.7160 

53 .3141 1.7243 

57 .3423 1.7559 

57 .3131 1.7559 

67 .2987 1.7559 

60 .3535 1.7782 

60 .3477 1.7782 

62 %3710 1.7853 

61 .3418 1.5853 
7 /?3 ), 

62 .3506 1.7924 

62 .3435 1.7924 

62 .4207 1.7924 

63 .4063 1.7993 

1.4955 

1..4'.);) 

1.5490 

1.5416 

1.5694 
- 5 3' ei 
1.5038 

1.5453 

1.6243 

1.6243 

1.6085 



1.5832 

1.6021 

1.6057 

i , -?,;-,,, 
 

iirfli3 

1*,6713n-- 

 1.0426 

1.6325 

1.6136 

istmes 
1.5662 

1.5563 

1.6856 

1.6365 

1.6128 

7.6756 

1.604 

1.24 

1.7412 

T.6441,1 

1.7324 

1.6571 

1.7862 

Iblz,  29 (continued) 

Fish 
Length mm. 

X 
1001••••■■■••••••■■=0■41.••••■■■■••■•1.101.11.*  

30n10 
Length mm. 

64 .3833 1.6062 

65 .3998 1.6129 

66 .4030 1.6195 

66 .3837 1.6195 

66 .3699 1.6195 

67 .3492 1.8261 

60 .4268 1.6325 

68 .4109 1.6325 

70 •3688 1.8451 

70 •3697 1.6451 

71 .3603 1.8513 

72 .4628 1.6573 

73 .4333 1.8633 

74 .4100 1.8892 

76 .4743 1.81108 

GO .4266 1.9031 

60 •4254 1.9031 

61 .0508 1.G85 

64 •452M 1.2941- 

87 .6401 1.9395 

89 .4540 1.9494 

92 .6135 1.9636 
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Table 30, Fish len7,th minus lenth 24 rm. nt scale 

formation) and scale length of fish in  

-i,xveriment B 5. 

Fish 	 13ca1e 

Leni.  th rim. 	Length tm. 
log X Log Y 

39 	.2060 	1.5911 	1.3139 

43 	.2565 	1.6335 	1.4082 

44 	.2667 	1.6435 	1.4265 

47 	.3074 	1.6721 	1.4871 

47 	.2806 	1.6721 	1.4467 

48 	.2927 	1.6812 	1.4669 

52 	.3033 	1.7160 	1.4814 

53 	.2951 	1.7243 	1,469e 

58 	.3358 	1.7634 	1.aaki 

58 	.3576 	1.7634 	1.5539 

60 	.3480 	1.7782 	1.5416 

61 	.3645 	1.753 	1.5611 

64 	.3627 	1.8062 	1.5599 

65 	.3"i24 	1.8129 	1.5705 

71 	.3789 	1.3513 	1.5786 
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31. 	ish 1enth (lainus length). 24 mm., at scale  

formation) 7,.nd  scale length of fish in Experiment  

B6 

Fish 	 JENTe 
Length rim. Lencth mm. 

X 	 Y 	 X 	Lot); Y 
_-_- 

55 

57 

59 
/ 

60 

60 

63 

66 

67 

67 

67 

67 

70 

71 

72 

'73 

73 

77 

80 

80 

90 

90 

.2810 1.7404 

.3339 1.7559 

.3845 1.7709 
,, e,,; -  )0 _ 	,:•=7 
.3157 1.7782 1.4997 

.4137 1.7782 1.6170 

.3543 1.7993 1.5490 

.4101 1.8195 1.6128 

.3555 1.8261 1.5514 

.3333 1.8261 1.5224 

.3956 1.8261 1.5977 

.3998 1.8261 1.6021 

.3690 1.8451 1.5899 

.3995 1.8513 1.6021 

.4115 1.8573 1.6149 

.4701 1.8633 1.6721 

.4037 1.8633 1.6064 

.4599 1.8(,65 1.6628 

.4601 1.9031 1.6628 

.4850 1.9031 1.6857 

.5952 1.9542 1.7745 

.5228 1.9542 1.7185 

1.4487 

1.5237 

1.5843 
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Table 31 (continued) 

Fish 
Length mt. :Length rm. 

1c Y 

5)4 .2478 1.9731 1.7388 

97 •5674 1.9666 1.7536 

102 .086 2.0066 1.7774 

102 .6065 2.0086 1.7625 

108 .6262 .20334 1.7966 

108 .6771 2.0334 1.8306 

• 
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A number of experiments have been described showing the 

effect of food, temperature and other factors on scale growth, 

and the relation bietween scale and body growth under different 

food nmd temperature conditions. The materiel consisted mainly 

of hatchery fish. 

Temperature was found to have considerable effect on feeding. 

At mean temperatures of 9 °  end 12 ° C. the food-consumption was al-

most twthce es greet at the tither temperature. Feeding Was 

very intermittent at temperatures between 0 0  end 6°  but one 

fish was observed feeding even at zero deGrees. The upfer 

temperature limit of feeding was not determined but the 

temperature of maximum feeding was around 160  when the tem- 
0 

perature was raised graduidly and 15 vhen raised sudeenly. 

Also a. slowly rising temperature roduced b tter feeding at 

a giv en temperature than a sudden inciellse in temeereture. 

Feedi ng increased with a rising tenperature but when the 

tempe rature decreased slightly to remain at a uniform level 

the f eeding also deer Lased even though the temperature was 

bout 5
0 below the temperature of maximum feeding. At equal 

risin g and falling temperatures the fedding was poorer at 

the f allink temperature. 	a rule the feeding decreased 

when the tempereture wee decreasing but with unlimited 

feedi ng following starvation or a long period of ration- 

feedi ng the feeding actually increased even though the tem-

sera ure w, e decreasing. 	o the relation of feeding to 

temperature is to some extent dependedt on the condition of 
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he fish. This was also noticeeble in mile pnrr where sexual 

maturity retnieled feeding. 

The effect of temperature and fo d supply on fish growth wra 

determined in severel sets of experiments. The mean low tempera-

tures were around 9 and the reran high temperatures around 12
0
C. 

Ated feeding produced better growth than rrtion-feeding 

whether the fish were at the high or low temperature. ehen 

the feedinr wrJ3 unlimited, the high temperature ;roduced better 

growth than the low temperature. ehen the fish were ration- 

fed, 

high 

however, temperature had just the op osite effect, i.e. the 

teeerature produced poorer growth than the low temperature. 

Growth in eight we followed throughout the year et various 

temperatures. The lowest temperatures were between 5 0  1(1(1 6.5 0  

and even at these temperatures there were slight increases in 

weight. Growth increased ra idly when the writer was warmed ue 

duri 

were 

ne the serine and summer months. The maximum temperatures 

in August but the /e yeer-old Kerr showed MaXiMUM growth inerve 

(temperature 8-9 °G) while the 2i yeer-old parr showed maximum growth 

in August (teripernture 9-18°C). 

The effect of tempereture and food on width and number of 

e ridges was determined by holding I h continuously at a 

or low-  temperature and on a ration or well-fed diet. 

results pre briefly these. Unlimited feeding produced 

and wider ridges than ration feeding either at a high or 

temperature. A high teeperature produced more end wider 

seal 

high 

The 

more 

l ow 

ridges than a low temperature if the food was unl jetted but 

if t he food or feeding was limited in any way a high temperature 

produced more but narrower ridges than a low teeperature. 
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In some experiments the fish were subjected to various 

changes in food or tempereture to see if checks could be ro-

duced on the scales. It was found that unlimited fe ding - ro-

duced a band of wide ridges, end retion feeding produced a 

bank of narrow ridges which resembled a winter check. A sudden 

change from a high to n. low temperature resulted in narrower 

ridges being formed at the low temperature. On the other hand, 

a sudden change from a low to a high temperature did not result 

in wider ridges being formed et the high temper' ture but ridges 

of the same widtn, slightly nnrroeer or teuch narrower de ending 

on the feeding. In !Iost cases the feeding increased only 

slightly durine the first eart of the high temperature period 

and then decreased when the temperature rose above 15 ° . 

Very definite checks hove been correlated with.the trans-

ference of fish from one place to another. These checks usually 

consisted of a very narrow band of closely spaced ridges 

which are disconnected and indistinct. :;:uch checks are most 

likely due mainly to the weakening of the fish during transit 

rd the slow recovery thereafter. eomeehet similar checks 

were p 

These 

were e 

any eh 

the en 

tion. 

poor g 

35 day 

mduced by handling the live fish to remove scales etc. 

niecks were due to rough handling because fish that 

iaeuth etized end thus handled carefully did not show 

?cks. Indistinct ridge formation frequently occurs at 

I of winter checks and Rppearn much like scele absori,- 

Heesons are given for believing that it is due to very 

rowt#. 

lite a mprked check wns produced by starving a fish for 

s and then allowing it all it wished to eat. The treater 
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part of this check was interpreted as being formed during 

unlimited feyding after starvation because other fiuh were 

starved until they died and no definite check -ays, formed on 

the sesles. Ssreover, scales from the later fish id not 

show any absorption due to starvation so it W."13 concluded 

that th 

fasting 

found t 

may pro 

e absorption of scales in spawning fish we not due to 

durinE sexual maturity. Scale absorption wrs3 slso 

o be associated with splenectasin. Scale displacement 

duce a check in the scales without any absorption or 

the scales may be extremely absorbed. 

A check is usually formed on regenerating scales when 

they completely fill the scale socket and resume noresa,scale 

growth. Normal scales near reiTenerating scales show fairly 

definite checks in the form of 2 or 3 discontinuous, narrow 

ridges. Normal scales are retarded in growth only during the 

time when the reseneratins scsles are growing at the fastest 

rate, namely at the covsssncement of resenerstion, The effect, 

however, is only local because checks were .ot found on normal 

scales 

area. 

more than three scales distant from the regeneration 

!Loseover, noral scales are not absorbed to sills ly 

scale material for the ra:idl, growing regenerating scales. 

I n respect to the similarily of the checks produced in 

these experiments to the annual or winter checks the following 

conclu sions sere drawn. The spurning marks, scsle-displacement 

checks chocks on regenerating scales and checks on normal 

scales due to resenersting scales should not be isinterpreted 

for winter checks. The handling and trsnsference clicks were 
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somewhat similar to river-winter checks nnd would be cuite 

confusing. The check following starvation wrs quite similar 

to a sea-winter check. Some of the checks produced by varying 

the food and temperature were similar to winter checks and 

some were not, dependirg on the extent to which conditions 

were varied and the relation between these two factors. It is 

thus .vossible to have checks formed at any time of the year 

which could be confused with the annual or winter cheeks. 

Nxperiments were carried out to determine the e;:fect of 

temperature and food on the relationship between scale-length 

end fish-length. A high temperature gave a higher ratio of 

scale-length to fish-length than a low terperature if the 

feeding WRS unlimited but a lower ratio if the feeding was 

limited, and an unlimited supply of food gave a higher -tic) 

than a United supply iqiether the temperature wee high or low. 

Scale-fish ratios showed a positive correlation with rates of 

fish growth, i.e. a fnst grewing fish had a higher rati of 

scale-length to fish-length than a slow growing fish. 
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