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U.  

• r 

annular formation and similar formations is 

not only or theoretical but aiso or practical interest. 

In audition to this, witnout the clarification or this 

question .a correct description of the periodicity of 

the growth is not possible. 

The nature or the annuli 

It is generally accepted that the annuli 

of tne Pacifi c salmon are the direct result or retarda-

tion or total stagnation in 	growth during winterl  due 

to low temperature or unfavorable reeding conditions. On 

the basis or the width of the annuli which is, as 

already known, a narrow zone of connected sclerites.,. it 

was attempted to establish even tne longitudinal growth 

or the body or the salmon during winter, in some or the 

papers arter the word "sclerites" or the annUli 

the term "winter° has remained even Until the present 

mime. If we were to be guided by such calculated values of iToWth 

we would come to the absolutely raise conclusion that 

the various species. or salmon dirrering signiricantiy 

from each other as far as their summer growth is con-

cerned, would then have uniformly slow growth in winter 

(Table 1.). 

Material contradictory to this concept concern-

ing the origin of the an n ul  i 	of the Pacific salmon 

Revisor's Note: For "growth ring" read "annulus." 
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raple 1. 

Average lene,h increase in the body of humback  salmon and 

the red salmon durin ,  the first ear of their life in the 

sea  4jni3(accoruing tO data of back calculation) ' 

1 - period of growth; 2 - humback salmon; 3 - red salmon,Lake 
Dal'nee (according to Krogius); 4 - seacoast (according to 
Milovidova 	Dubrovskaya, 1937; 5 - Amur-basin (according to 
Enyutina, 1964; 6 - age groups; 7 - age groups; 8 - summer; 
9 - winter; 10 - during a year. 

was first compiled in 1959. As it was reported (Birman, 

1960-a), on 47 specimens caught in April of that year in 

the Naters south of the 

Western part of the Aleutian ridge, annuli were found 

on their scales and, in addition to this, 7-13 ( on the 

average 9,7) wide "summers type sclerites in the second 

year growth (Fig.1.). About the same conditions were found 

on the silver salmon. On the other hand, a portion of the 

keta salmon and red back salmon caught at the same time 

had no annuli  • at all, whereas other fish had them 

but without the slightest sign of further growth. Thus, 

3 



it was c  on cl uded that tne humpback salmon (as 

well as tue  silver saJ_mon) grow4s . well in winter, the 

growtn rings form not later tnan tne middle of January 

ana consequently tnese are not characteristic of 

tne winter growtn. On tile heta salmon ana reaback sa.Lmon 

the 1.(Jwtil rings form during spring: on tue former gene-

rally in marcil, on the latter in April. j'c):e unis reason, 

neith.,;r in unis case do the growth rins characterie the 

winter growth conditions. In all four species (and obvi-

ously in the other salmon) the growth rings form only at 

the beginning of a new growth period, and are tne result 

of same. 

Kobayashi (1959). whose work we learned 

about belatedly, also indicates that in May 

a portion or the four-year-ola .keta salmon still did 

have the outer growth ring and that these differed from 

those in the fourth year (3+) only by the hiKher number 

( 6-18 against 4-5) of sclerites in the last year's growth. 

Concerning the Atlantic salmon (from the rivers 

of Scotland and Êinland),it should be noted that there are 

earlier indications from Jarvy ana mensies, 193b (quoted 

according to G.P. Barach, 1946) that auring winter no con-

densed sclerites on their scale i.e., no formation of 

growth ring, but only growth stagnation was observed, Con-

sequently, the growth rings are the result of a subsequent 

renipwal of growth. lt is true that these indications rela-

te to the fresh water period, however,these may also 

4 



applyto tne period spent in the sea, since it is probable 

that the seasonal variations of the environment (tempera-

ture, food supply) will influence in the same way the growth 

of sCales in fresh water and in sea water as well. 

It mas pro7en very convincingly by Lapin (1965) 

by histological investigations of the scale structure of 

herring and carp that during the stagnation of the growth 

Of scales in winter no mark was formed on their edge, and 

. that the grOwth'rings were only thd . result of the renewal 

e growth. 

Concerning the humpback salmon, Vedenskii (1954) 

has reached similar conclusion, i.e., that the growth rings 

do not reflect the growth conditions during winter; however, 

he was of the opinion that the humpback salmon do not grow 

in winter at all, and that their growth rings form either 

before the total growth stagnation'during winter, or after 

the renewal of growth during the first weeks of spring. 

.Vedenskii mas more inclined to the second variant; he has 

supposed that during' winter the humpback salmon stays in 

the cold water which is imp9yerighein plankton; however 

we already know that this is not true. The assumption of 

Kaganovskii (1949)  bas  been proven, according to which the 

humpback salute migrate into relatively warn waters during 

winter.'Observations (Birman,1960 b) have indicated that 

in winter the humpback salmon migrate into the blending 



zone of subarctic and subtropical waters, further sot:1th 
• 

than the 3-5
0 
 isotherms.  The  Majority of the humpback sal- 

mon hibernate in the 5-8 0  isotherm range, whereas other 

- fish will spend the winter further south, and there the nibernat-. 

ing regions Of the humpback salmon are not so poor in nou- 

• rishment,»kei it was proven bY Mednikov,1961), till tne end of 

April the: blending zone has sufficiently high quantity.of 

plaiàktonic biomass. During winter, in DeCember-January, the 

18/17 	propagation of some species of -c oppods Calanus cristatus,  

C.
. 	. 

plumchrua)takeS  place in mass. In addition to this, there 

are abundant quantities of pteropoda mollusksItn/érl as 

other important foods for the salbon. This means tiTit• the 

salmon(in the first place the humpbaok and silVer salmon) 

hibernating in the blending zone are under adequately fa-

'vourable food conditions. -  

As far as the second assumption of Vedenakii is 

concerned according to which it is possible that the 

. grOwth  rings are  formed before the total growth stagnation 

in winter, this is contradictorr to the data of some other 

authors.  (Milovidova-imbroskaya,1939; Dvinin, 19524 

Kitida„1-952 (quoted according to Miyaguchi, 1957), these 

data point out that the humpback salMon obtains the approxi7 

Mative measurements of›the'oné-year-old Salmon already by 

November.i.December, and that their scales have the nuMber 

of "summer" selerites which are characteristic Of the One-' 
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year old salmon; however,. the scales have no growth rings, 

and any marks of the retardation of the growth may be ob-

served. During this time the.growth is either not intensive 

enough as yet, or it has just stopped. Evidently, at this 

time there 'can not be any growth rings as yet. 

This means, that the question about the formation 

time of the growth rings of the humpback salmon was approached 

by Vedenskii with the conviction that  the  width of the 

ring is too great for winter, since in his opinion the hunp-

back salmon do not grow in.  winter at  ai]. Actually, thié 

width is too small to correspond with the winter growth of 

the salmon, and as'_. 	was shown by us, it only indi- 

cates the very beginning of the winter growth. This is now 

an established fact without any doubt. Ricker,1964 , has 

stated in his last paper that three humpback salmon caught 

in the Alaska-bay on.January the 24th, 1963 already had 

growth ring on their scales,  and  in .addition to this two 

of them had two'sclerites each in the second year growth. 	- 

By this fact as it is noted by Ricker, our assumption 

1Birman,1960) is fully proven, that the growth rings of the 

humpbéck.salmon are formed not later than the middle of 

January. The same indication was found on the scales col-

lected during the passage Of the ship "Amethyst" in the 

Southern part -ce the Sea of Japan. 

we have planned the route of the ship "Amethyst" so 

e, 



we could repeat the catching of salmon on the one and the 

same station  at  about one-month intervals. The result of 

this repetition of the route was that we had the possibility 

of clarifying the dynamics of the main quality charac- , 

teristics (length, weight, stages of gonad) of the humpback 

salmon, and the pattern of the growth of Scales for the 

hibernating period, perhaps even including the very beginn-

ing .of the spawning migration in April. here we present 

only the data relating to the growth of scales (Table 2.). 

Tàble'2.  • 

Change in the number•of sclerites in the growth of  

scales during the second year of humpback salmon in the  see 

T a 6 It u 

H3MeHeiiMe 411CJIa coaepHron B npupocTe ■Iewyn 3a nropo6 roR 
y ropelywn SInoncooro mops; c ipenpaan no anpeab 1965 fOga 

of Japan from February to APril 1965 

Llara 

, IHeno clinepitron B npHpocre 	to,ia 

n mw.w.aymmeNt mmtpocie 
Bruleee.la:,r0,10Bom 
9. 	KOJI LW' 

t 
upeneow .ilpeac,bI 

1, 0 ,-/e 6aliu n 	ci)eivieç 111-teno putl 

! 

opôyttiii, cu  

cpe,unee 

pi d6 

8--11/i1 
11--12/111 
10 ---14/1V- 

	

•  1-3 	1,8 	 5,3 

	

1-3 	1,5 	5  -11 	8,0 

	

0-3 	1,5 	7 14 	10,3  

93 	34,5 	70 
28 	36,1 	128 
r 	38,2 	202 

1 - data; 2 - number pf sclerites in the 
- 3 - within the annuli 	 4 

5 - on average; 6 - insubsequent growth; 
fish_  ; 8 - length  of the salmon,cm. 

second year growth; 
- variation limits; 
7 - number of 

. As we may see from the data presented in Table 2. 

between February 8.11 the humpback  lmon already had about . 

five new grdwth sclerites . above the growth ring (Fig.2.).. 
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After a month (ularch 11-12) there were already eight of 

these, i.e. on the average three more sclerites were formed. 

Supposing the same rate of scales growth during January, it 

is clear that the growth rings should have been formed 

at approximately the beginning of January. Assuming a lower 

rate of scales growth- for January, we would'find that the 

ring was formed already in December, however as it has 

been stated above, a growth ring has never been observed 

17/18 yet on a humpback salmon caught in December. 

Thus, the scales of the humpback salmon grow fast 

during almost the entire winter( maybe not slower than during 

summer); their growth rings do not form either before cr 

during the growing period but after a short stagnation 

which seems to occur at the end of December. 

Evidently, the same applies to the silver salmon, 

too; although we do not have any such detailed data for 

this fish. On some silver salmon caught further south 

from the Aleutkn hidge in April 1959, up to 11-12 wide sum-

mer sclerites were counted in the second sea-year growth 

above the growth ring. The silver salmon migrate further 

outh, pass. the 5 0  isotherm, and it may be assumed that 

their food supply. is not worse than.that of the humpback 

salmon. Their growth stagnation is as brief . 	 . 

.a. s that of .the .humpback salmon., 	• 

Nevertheless,•the tima of growth renewal a.t the 
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w in t e r in g area does not only depend on the specific ex-

ternal conditions. The winter  rang  e of other species 

(especially ,that of the Keta salmon) coincide partly with 

the 

salmon (Birman, 1960 b.); nevertheless , the annular rings 

form at &ifferent times. It should be assumed that under 

the same ecological conditions the times of growth renewal 

of the different salmon species could be quite different 

after their migration to the place where they overwinter. 

As far as the reason for growth retardation is côn-. 

earned, it seems to be proPable that this is connected 

with the expenditure of' food energy for other processes!, 

tor example, on the intensification of fat storage 

before the onset of w in te  r.  The consideration of this 

question is beyond the scope of this paper. 

Time. of formation of annuli  and_aee - 

The time of ending the growth stagnation in winter 

and the 'formation of annuli in salmon , as well as in other 

fish (Chugu.nova,1959), is connected with their age. However, 

when discussing the migrating salmon, the majority of which 

spen.d a significant part of their life cycle in fresh water, 

we have to clarify whether the formation time of the growth 

ring in the sea depends . on the number of years spent in sea. 

4. 

wint e r rang e of the humpback salmon and silver 
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It is quite possible that the formation time of the growth 

rings in fresh water depends on the years spent in fresh 

water. In order to clarify this question, let us analyze 

the scales of fish caught in the spring of 1959 in the region 

South from the Aleutian ridge. 

,RedbEtk salmon. On the majority of the 

four-year old fish (Table 3.) which have spent two years in 

fresh water and twà years in the'sea (42*), the scales were . 

finished were  the  corresponding number of growth rings and, 

over these with four, wide summer-type.sclerites. but fish 

.were also caught which did not have this formAtion. More 

than half of the five-year-old fish (Table 4.) having spend 

the same period in fresh water and three years in the sea 

on the average had 3,5 sclerites. 

in the next (sixth) year growth over the growth ring; 

however a portion of the fish did not yet have this for-

mation, and one . fish was found on which even the growth 

ring was not formed. 

Thus, the conclusion may-be drawn that on the red 

back salmon the second and. third growth rings in the sea 

do not form_exactly at the same time. The second ring will 

obviously appear not later than_March, whereas the formati-

on of the third ring may be delayed in some fish until May. 

Keta salmon (Tables 5,6). Eleven of the fourteen 

three-yeae-old fish caught.already had the next growth ring 
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in the second half of April, and in aadition to this more 

than the half of the fish had 2-3 "summer" sclerites in the 

fourth year growth), At the same time the majority of the 

four-year-old fish did not have the next growth ring, where- 

as on those which had it not even the slightest mark of furtheer 

	

18/19 	growing-was observed. In the firsthalf of kay almost every 

three-year-old fish already had the new growth ring, but 

among the four-year-old fish it was present in only a little'more 
than half 

of the specimens. This means that there is a significant 

difference in the formation times of the growth ring be- 

tween the three-year-old and the four-year-old keta  sal- 

	

, 	mon. The third growth ring is formed mostly at the begin- 

ning of April, and on some of the fish e obviously even in 

March, whereas the fourth ring is formed generally in May, 

however at times it may be delayed until June. Now and 

then even in June some four-year-old specimen may be found 

which does not have the next growth ring; this fish may 

be erroneoUsly considered salmon in their fourth year 

(3+) if we do not take - note of the large number of sclerites 

whic h are too numerous for the beginning of summer. 

Analyzing the data of Kobayashi (1959) published 

In the quoted paper, Ricker has drawn the conclusion that 

the third growth ring on the Keta salmon is formed at 

19/20 

	

	about April 12 and the fourth ring,at about April 25, i.e., 

significantly earlier than it follows from our data; but 
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this way or an other, the later formation of the growth 

ring on the older.fish is an established fact. 

Table 3. 

Characteristics of scales on the four-year-old redback  

salmon which has spent two years in fresh water and was 

22Ughtin April 1959  

T à 6 	u a 3 

XapaKTcpucruira vemyu geTupexroRosaaoii Bpactiori c Arsyma upecuonutithamm 
roiontir, noiimairticA R  ar pc.ac 1959 roe,a 

neTnép- 
• roi o (wropo-

ro mopenoro) 
l'011.0BOro 
no.nbua 	f  

C erneprpt  M  ro;to BM NI 
HOJihIlOM (3K3.) 

(Mince nneao 

	

nocle.asio- 2 nocole.avlo- 	•lo.16 (3n3.) 
utero  nplipucTa 	tan 1 np-n- 

nog.' 

I Cpeanee ync.rto 
cu.nomrron n I 	ron.a, enepx . 

ron.onoro KOJILL1.11 

1 	 14 	 3,6 

1 - without the fourth (in the sea the second) growth ring; 
2 - having ,  the fourth growth ring (specimt:ns); 3 - without 
next year's growth; 4 - with next year's growth; . 5 - total 
number of fishes (,specimens), 6 - average number of scieri-
.tes in the fifth year growth abOve the growth ring.  

Table  4. 

Characteristics of scales on the five-year-old redback  

salmon which has spent two years in ires  water and was  

22ML#t  in April 1959.  

T a 6 JI II a 4 • 

XapaBrepacTrura geuryll arnaroAuria:lort Kpactrai c 0,Bym11 upecticuloommor 
ron,ania, noilmammil B aupcile 1959 roRa 

9  7 	 . 	3,5 

without the fifth(in the sea thé third) growth ring, 
specimens .; 2 - having the fifth (in the sea the third) 
growth ring, specimens; 3 - without next year's growth; 
4 - wtth next year'ssrowth; 5 - total number of fishes, 
SPecii'veni;. .6 	average number of the sclerites in the 
sixth'year . groWth above the grOwth  ring.  
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Iable 5. 

Characteristics of scales on the three-year-old keta salmon  

caught farther south from the Aleutian  Ridge 'in  April-May 1959  

Xapain epuc -nt Ka vèlmat Tpexronona,noii 
loautee AmeyrcKoii rpna,b4 

T a 6 a It it a 5 

anpute—mac 1959 rofta 

— t I 	1 	C .,Tperbum ro:noubm 
I 	Kommow  I 1C'3 Tpeibetto 

' 

 

1 '' ) ; ,'" ,'"0 	' Ge3 rtec.ne• 	c Itoc.tienyto• I 	1.“1.11,11,2 	I .5,y1.01.11S1'0 	IIIIIN 	11p11- 	1 
lipitpocita : 	pocrom 

06tuee 
glicaolni6 

(3K3. )  

3-12/V un. 101 
4,9 	my 	62,4 	100,0 

L - data; 2 ,geasuring units; 3 - without the third growth 
ring; 4 - with the third growth ring; 5 - without next year's 
growth; 6 - with next year's growth; 7 - total number of 
fishes (sLecipens); 8 - pieces.  

Table 6.  

Characteristics of scales on the four-year-old keta salmon  

caught farther south from the Aleutian Ridge in April-May  

iq,59 

T a 6 a It It a 6 

XapatcreplicruKa veutyli verbzpext oaonaaciii KeriA, iiofirdatitioA B anpene—mae 1959 roxa 
to)Kaee Aaeyrciton rponm 
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•('.91;.1.) • 	
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•1 - datà; 2 - without the fourth growth ring (specimens); 
with the fourth growth ring (specimens); 4 - without next 
year's growth; 5 - with next year's growth; 6 - total 
emmber of fishes (speciméns). - 
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Thus, the younger the fish, or (more precisely) 

the snorter the time spent in the sea tne earlier will 

the growth rings 'form. This means, that on the fish which 

lia'sent, a shorter period in the sea, the retardation of ' 

the winter growth will be finished earlier, and it is pro-

bable thalt the:retardation period is shortèr as well. 

On Ëebruary.26,1964, in the region of N. lat. 

46
o
16' and of E. long. 174

o 
the ship "Rmethyst"has - caught 

: a 3 + old redback salmon, 38,5 cm long and weighing 550 g. 1 

There already were five typical "summer" 

sclerites superimposd oh the 

two marine annuli. Another specimen of 4
2
+ age already had 

three "summer" sclerites at this time. As we may see .  in 

the case of these two flan their groWth was reglowe very 

early. In any case, they were doing well in February, 

and it.is  probable tnat_their last. growth ring was formed 

in January,* i.e., only somewhat later thah that.on the 

numpbaCk salmon. Consequently, in the case of the redback 

salmon which has spent only one year in the sea, it 

is-possible .  that the growth ring would form at an earlier 

time, i.e. -at the same time as that of the humpback sal-

mon e but not on all individuals. On the seale illustrated 

in rig.3.,the groWth.ring was evidently formed not earlier 

than rebruary. All this Means that the material collacted 

in 1964 brings a significant correction into our earlier 
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concept concerning the time of annulus formation. 

1f we have stated earlier that the growth rings of the red-

back salmon are formed in spring, now we have to qualify that 

in the first place this is true, only for the fish in the 

older age categories. In some fish of the'younger age - 

bracket, Ihe growth ring may form already . in winter, sometimes 

much earlier than the onset of spring. 

As far as the keta salmon is concerned, we may not 

say tni same with as much conviction, Ori  the,  other hand, 

if we-take into account the size of the . scale growth on' 

the two-year-old (1+) keta salmon during the second summer 

(Fig.4), then it may be assumed that their growth rings 

-are already formed during the winter months.aowever, on the 

redback salmon which has spent exactly as much suMmer time 

in the Sea, the growth ring is evidently formed (on an average) 

earlier than on the keta salmon which- winte'rs in the same 

region. This means that the redback salmon renews the 

growth earlier. It is also possible that their winter growth . 

stagnation-is shorter, provided Of course,,that it does 

not start earlier than that of the keta salmon. However,. 

taking into consideration the good capability of the 

'redback sainion to 'resist the cold, this is not very likely. 

UonCerning the redback and keta salMon, it may be . 

stated . that 'the fewer years they have spent in the sea, the -more .  

. they will approach the formation time of growth rings on 
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the humpback and silver salmon, wiliCh are distin- . 

 guished by the shortest period in the sea. J:his is 

also true of ail. other salmon.  .or  example,: on rive speci-

mens of three-year-old Oncorhynàhus masu which have spent 

one year in the sea  (32+)  and were caught in the Sea of .  
Japan on - rebruary 11,1965,-the growth ring was clearly 

visible on the edge of the  scale (rig.5); whereas on the 

rish wnicn rias  lived two or three years in the sea  trie 

growth rings 'seldom fo rm during the winter but most 

frequently in May or Tune (Table 7.). . 

An Oncorhynchus.masucaught on the high seas in 

winter may be assumed to be-afishwhich spent two years in 

the sea, provided that on its scale, in the zone represent-

ing the second year in the.sea, it has at least eight 

. nine *summer" sclerites, since the minimum number of 

sclerites formed in tnis zone in. a year is equal to seven. 

A fish which has lived only one year in the sea usually 

waS round to have nôt more than six sclerites • 

in the second year growth by-March  or  April that 	• 

have  spent two or three years. in the sea- may not have 

the last growth ring as yét, and for this reason when 

swimming up the rivers their age may be understated by 

one year. 

By the way, the assumption that the Oncorhynehus  

masu matures only in the third or fourth year of their 
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life cycle (Navozov-Lavrov,1927 and others), is certainly 

not true, Semko has  pointed  out (1956)  that the Oncorhynchus 

masu  from Kamchatka also matures in the fifth year, but such 

late maturity, acCording to the author, is peculiar to the 

OnCorhynchus masu  on the Northern boundary line of their 

habitat._ However, our observatiOns have Shown that 

these fish are alsO found in the Tumnin river, in the  vÉry 

.center of tleir range, during their fifth year and at their 

fourth year of age, when the fourth annulus had not 

yet been able to form.ln addition to this, as it is pre-

sented in Table 7.,- there are older fish here as well, i.e., 

five and six year olds, andeven fish in the sixth or seventh•

year of their life cycle. This species is not as early-ma- _ 
• turing as it Used to be assumed. ' 

Table 7. 

Age and scale characteristics of the Oncorhynchus masu • 

from the Tumnin river, June 19-30, 1959.  
Ta 6 aHu.a 7 

XapaaTeucTabca soapacTa H gewyK CHAMI H3 p. Trial« 19-30 mu* 1959 ram' 

1 - years spent in sea; 2 - age; 3 - number of fish without 
the next year's growth ring; 4 - number of fish with the next 
year's growth ring; 5 - without *plus";  6-  with "plus"; 7 - 
number of sclerites among the *plus"; 8 - from - to; 9 - on 
an average; 10 •- total. 
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. rom all the above consideration it follows that 

the  explanation concerning the early growth ring formation 

of the humpback and silver salmon is that this ring is 

just the first one. The second growth ring sometimes founa 

on humpback and silver salmon is probably formed later 

in the year than the first one. This assumption may be 

evidently extended also to the formation of the growth ring 

in fresh water to -the case of humpback and silver salmon, 

as well as to the other species staying for a longer period 

in fresh water. - 

The &myth rings and the  periodicity  of  the growth  

Thus, with 	age, and, according to the general 

retardation of 	linear growth, the growth renewal after 

the winter stagnation will be more and more delayed, or it 

will proceed at an ever decreasing rate. In a given age 

category the slower the growth of a given species which has 

spent a definite number of years in the sea the later will 

be the formation of the growth rings. It follows from this 

that the yearly scale growth, which for the majority of 

salmon is a decreasing value with age, characterizes not 

only the retardation, but also the constantly later oc-

curring growth after winter stagnation. From the second 

year of its life spent in the sea, the younger the fish, the 

relatively greater will be the portion of the so-called 
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summer scales growth up to the early spring or the winter 

period. In other words, beginning with their se- 

cond year . in  the sea in case of the keta and redback sal-

mon (and probably the king salmon ana the Oncorhynchus 

masu  as well), each subsequent "annual" increment will 	• 

correspond to a shorter period of time than the preCeding one. 

It is also without any doubt that for all these 

salmon the first yearrmrine growth corresponds to a shorter . 

time period  than  the second. Assuming, for example, that 

the great majority of the keta salmon descend into the 

sea in Tune, and that their growth stagnation begins in 

December, then the first year marine growth wilr be -formed over 

5 or 6 months, whereas the second over 9-10 months, taking 

into account that the growth renews at about Liarch and 

becomes retarded again in November or December. It is no 

wonder that, with regard to the keta salmon, the second 

year's growth is sometimes almost equal to the first Year's 

• growth. 

On some other salmon species ("Kamchatka 

t 	", king salmon) not only the second, but also 

the other subsequent yearly marine growth of the scale 

are equal, or almost equal to the first year growth. This 

is easy to explain when we take into account the late 

descent' of these salmon into the sea and the possibility 

of an early growth renewal in the second and third year 



of tteir life cycle in the sea. . 

It should be noted  that  when -datermining the longi-

tudinal growth of the fish by the back counting method, we 

usually exaggerate the length of the one-year old fish and 

understate the length of the two year-old fish on the 

assumption that the growth ring signifies .a  finished yea'', 

whereas it denotes the beginning of a new one. It is evident 

that we must carry out the back counting in the same 

way in the future in order to allow 

comparison with the data. of past years, however we have 

to find  some other designation for the age categories. 

If we have designated by 1+, 2+; 3+, and so on those fish 

which .:  in addition to the growth ring also have some "summer" 

sclerite growths;-then now in the same way'we shoilld also 

mark th,ose fish which only have an annulus on the 

scale, this in itself is a new  growth. 

Finally, we should note the following.‘ Since the 

annulus marks the beginning of new growth, it is 

evident that these.would not appear  at  all if the  

-growth was continuous. The formation of the ,growth ring 

indicates that.a growth stagnation  has  taken place. In or-

der to clarify ,  the period tf the stagnatitni it is neces-

sary  to  determine when the growth was stopped, however, this 

IX is  impossible  to say on the basis of the scales. The 

. Scales give only the possibility to state approximately, 

• when the growth waS renewed. 	. 



On the other hand, when comparing the different age 

categories and the different spepies of salmon with each 

other, this is quite enough for our purpose. Without any 

doubt the winter stagnation of growth of the older fish, 

Since the growth ring on these forms later, is of longer 

duration that that on the young fish, even when taking 

into account a simultaneous growth stoppage (although in 

our opinion the growth stagnation of the older fish sets 

in earlier than that of the younger fish). Uomparing the 

different salmon species with each other, then, since the 

first growth ring of the humpback salmon and silver salmon 

in the sea are f..rmed earlier than that of the other spe-

cies, it may be stated that their growth stagnation period 

is of shorter duration. uanerally speaking; the younger 

the fish and the faster it matures, evidently the shorter 

will be its growth retardation in winter. 

•.teasons for the differences in the legibility and width 

Of the growth rings  

As it is known, the legibility of the growth ring 

on trie scales of the Pacific salmon varies. In some cases 

the ring consists of one, two or more narrow sclerites 

differing sharply in their width from that of the previous 

and subsequent ring, whemasin other cases the contraction 

of the  acierites is hardly noticeable and the limits of 
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the growth rings are difficult to distinguish. TO clarify 

all these reasons, we have to note the following. 

ihe illegibility, or the total absence of the growth 

rings may be most frequently observed on the humpback 

salmon and on tnja silver salmon, i.e., on salmon which 

grow more in winter tnan other species. Uoncerning the bad 

legibility of the growth rings on the humpback salmon, 

vedenskii (1954) has already noted it at that time. 

The illegibility of the growth ring in sea is less 

frequent on the redback salmon, and only exceptionally 

on the keta salmon. On the other hand, as it has been 

pointed out by Krogius (1959), the unclear legibility of 

the growth rings is a typical phenomenon for some less 

numerous shoals of redback salmon (e.g. in the Dal , nee 

and Blizhnee Lakes in Kamchatka. 

In the case of the redback salmon, most frequently, 

the first growth ring in the sea used to be unclear. In 

this  respect there is an undoubted similarity with the 

humpback salmon and silver salmon having only one ring. It 

may be seated that the illegibility .of the ring  on the 

redback salmon occurs most frequently when their growing 

• is the fastest. 

To  Summarise, the illeegibility of the growth rings 

may be the most frequently . observed on the young fast 

srbwing fish, in the first place on those spedies. which 
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also grow  well  in winter. Probably trie ring indicates 

either that the total growth stagnation did not set in 

at all, or that it was short and was followed by a very 

intensive growth renewal. It may be said especially 

about the redback salmon in the Dal'nee and Blizhnee 

.Lakes, that the starting rate oe the growth renewal is 

higher. than in the individuals of other shoqls.. nowever, 

it is also possible that these winter in warmer waters. 

As a rule, the first growth ring on the redback 

salmon is wider and consists of more sclerites than the 

others1 The same may be said about the keta salmon: with 

age the width of the•  a .nnuli and the number of the 

sclerites in them will continously decrease (Table 8.). 

As a rule, the first growth ring is the wfdest on the keta 

salmon. 

. 	The explanation for all these is that the. growth 

renewal and the formation of the growth ring takes place 

earlier on the younger fish than on the older,• and at 

lower temperatures, therefore, at a lower starting rate. 

If this is true, then evidently the more sclerites there are 

present in a given growth ring, the earlier was its for-

mation. On the bas$s of data in Table 8',  it may be 

assumed that the growth renewal of the Amur and Hokkaido 

keta salmon in their second and third year starts some-

what later than in the keta salmon in the rivers of 

Kamchatka and Northern Okhotsk. 
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3a:T. Kppcpa 	1963 	3+ 	19,1 	15-23 	5,5 	4-7 	14 

P. KamHarKa 	1963 3+ 	18,5 	15-22 	6,1 	4--7 	14,4 

P. Bo.libuian 	1963 	3+ 	18,4 	17-24 	5,3 	3-7 	15,3 

P. FH)K.Hra 	1963 	3+ 	19,7 	17-22 	5,4 	4-7 	15,2 

P. 0.1a 	 1963 	3+ 	17,4 	I I --23 	5.1 	3-7 	14.1 

P. siNta 	1963 	3 	18,2 	14-21 	Si.) 	4--7 	13,1 

P. Tayii 	 1963 	3 -1- 	10,1 	17-25 	5,3 	3-- 7 	.15,0 

P. Amyp 
(JieTHHH KeTa) 	1963 3+ 22,8 	19-27 4,9 3-7 	14,1 10-20 3,4 2-6 	10,7  7±15  3,0 2-5 

P.  Amyp 
(qaceHnsa Keia) 

P. A6acHpa* 
(XoKKail,w) 	1959 • 3+ 29,2 25-33 3,4 2-5 	13.6 9-17 	2,6* • 2-4 	..9,7 5-13 2,2 2-4 9,2 2--13 

• 
• P. CH6euy 

(XoKKariao) 	1959 3+ 27,7  23-32 4,0  3-6 	15,6 10- 19 2,4 2-1 	11,6 9-16 2,4 2-4 6,9 3-12 

5,3 2-8 29/VII 

1963, 3+ 20.9 	18-25 4,8 3-7 	15,0 11-19 2,9 2-5 . 10,3 6 .-15 3,1 	2-6 9,1 	3-13 7/IX 

C6opi.,1 Hewyli KéTbt HJ pek X0KKait;10 B.331TEÏ 113 - NiaTep11ano13 COBeTCKO-RI1OHCKOfi pb16011013110i:i 

1 - region; 2 - year; 3 - age; 4 - first year; 5 - second year; 6 - third year; 7 - faUrth 
year; 8 - "summer* sclerites; 9 - sclerites in the growth ring; 10 data of the collection of 
the scales; 11 - from-to; 12 - Korfa-bay; 13 - Kamchatka river; 14 - Boltshaya river; 15 - 
Uizhiga river; 16 - Ola river; lt Yama river; 18 - Taui river; 19 - Amur river, (summer kee 
ta. 20 ,-Amur river (autumn keta); 21 - Abasiri river.(Hokkeido); 22 - Sibetsu r4.yEq l  
(Hokkaido) .; 23 - Data concerning the collection of scales from the rivers in Hotebdo were 
taken from the material of the Soviet-Japanese Fishery Commission. 
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Siipplementary rings  

As it is known, in addition -b .() the typical growth 

rings, other rings which consist, of connected sclerites 

occur on the scales of the Pacific salmon. The form of these 

resemble that of the growth ring; however, these are 

usually not so clearly defined. In the case of keta and 

humpback salmon these rings may be most frequently obser-

ved in the . region of the first growth ring. As far as  

the other salmon are concerned, the'supplémentary rings 

occur seldom on theàe, and thèse are usually located just - 

after the "fredawater° 	 , and restricted to two 

or three sea-type sclerites. ror these reaàon those are 

less noticable an to the best of our knowledge, no  atten-

tion  was ever paid to them . 

The occurance of the supplementary rings fre- . 

quently gives rise*to uncertainty in correct age determi-

nation; thus, the clarification of their character is un-

doubtedly of significant- interest. 

K 0 't  a s à 1 m  on  . The sUpplementary rings in 

the kernel or the scales of the keta Salmon, sometimes 

called "estuary* rings, are known to tnose who are - engaged in 

the study_of the.age of  this  salmon;: however, the struc- 

ture and.the origin was.not taken intb specific . considera- 

tion as yet. 

We have stated (birman,1958) that there are a 
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great number of.fish in the keta shoals in the Kamchat-

ka river and Penzhinski Bay.Which have these supplemen-

tary rings, whereas the keta shoals in the Borshaya 

river do not have these. The data relating to other years 

indicate, however, that such rings may be also found on 

the keta salmon in the Borshaya river although seldom 

(Table 9.). This Means, that we may speak about the-

frequency '.bf  occurrence of fish having - " estuary" rings 

in the kernel of their scales as a distinguishing mark of 

• - somè shoals. 

The material at hand aestatiates the high fre-

quency of occurrence of this ring on Keta salmon in a 

number of other rivers, for example in theWvenka,. 

Anadyr', 01a, Taui, also in some other rivers. 

The general  structural  peculiarity of these  rings 

 concerns the followings; while the sclerite in the zzone 

of the rings is sometimea of the same.width as the sub- 

sequent "summer" sclerites-of the first-year zone, never- 	• 

theless these . are mOstiy narrower, indicating different growth 

conditions. In some cases the . width of the sclerites 

approximates that of the"fresh water" .sclerites; and in 

this way the total zone becomes similar to the "fresh 	- 

water zone" on the scales of the redback, king or silver, 

salMon. Frequently some of the last sclerites in this 

Zone are narrower than the others and on the edge of the 
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zone these  ar e   similar 	to the growth ring; in other 

cases, the width ()rail the sclerites in the "estuary" 

zone is about the same and these are not separated from 

the other and wider sclerites of the first year zone. 

Table 9.  

The relative quantity of fish in different keta salmon  

Shoals having "fresh water" and "estuary" rings on the écales  

T a 6 a a u, a 9 
OTaocumnbaoe aonavecrao pu6 c peuw  H  «acryapnbira» aoabuom  Ha  ewye 

craaax Ken,' 

	

3ae.  Kopa 	1963 	VII--V111 	101 	4,9 	70,3 	5-15 * 11,0 

	

P. Kamaaraa 	1945 	VIII 	44 	100 	22,8 
» 1947 	VII-V111 	85 	52,9 	59,3 
» . 1955 	VIII . 	94 	? 	33,0 	-- 	. - 
» 1963 	VII 	67 	71,0 	26,8 	'8-16 	11,8 
» 1964 	. VII-VIII 	321 	24,6 	24,0 	7-16 	10,4 

	

P. Bonbmasi 	1940 	? 	. 	46 	4,3 	10,9 	.7-15 	11,6 
» 1955 	VII -VIII 	100 	0,0 	0,0 	- 	- 
» 1963 • 	VII-V111 	394 	2,8 	3,0 	7-12 	9,1 
» 1964 	VII--V111 	305 	2,3 	8,5 	7-15 	11,0 

	

, P. Famiara 	1963 	V111 	100 	0,0 	54,0 	6-15 	9,6 

	

. P. Ileaamaa 	1931 	. 	» 	33 	0,0 	66,6 

	

P. Oaa 	. 	1963 	VI 11  . 	50 	0,0. 	12,0 	6-14 	11,3 

	

P. gma 	 1963 	VI11 	19 	0,0 • 	42,0 	8-10 	8,6 

1 - basin. 2 - year; 3 - data of collection; 4 - number 
of the investigated fish; 5 - with "fresh water" ring,%; 
6 - with "estuary* ring, %; 7 - number of sclerites in 
the "estuary" zone; 8 - variation limits; 9 - on an ave- 
rage; 10 - Korfa-Bay; 11 - Kamchatka river; 12 - Bol'shaya 
river; 13 - Kizhiga river; 14 - Penzhina river; 15 - Ola 
river;  16  - Yama river.  

The number of sclerites in the "estuary" zone 

varies generally from 5-to 16 with an average value of 

9-11; in this aspect the various shoals of keta salmon dif-

fer only insignificantly from each other (Table 9.). 

■■■ 
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The field of narroW sclerites on the edge of the 

"estuary" zone sometimes resembles the form of the growth 

ring and could be taken for a growth.ring; however, the 

following two circumstances should be taken into account; 

1/ The number of sclerites in the first year zone 

on the sCales of the keta salmon is  of. sufficiently cone 

• stant value; even the various keta shoals do not differ 

from each other in this aspect. (Table 8.) The number of 

sclerites is generally much higher than in the "estuary" 

zone. For example, in the case of keta salmon from the 

Kamchatka river, the average  number of the sclerites in 

the first year zone, according to the data of a number 

of years, varies between 25-27; at. the same time there 

are only 10-12 sclerites in the""estuary" zone of the 

keta salmon. 

2/ Taking into account that the "estuary" ring 

frequently involves a maximum of 6-7 "sumMer" sclerites 

(Figures 6,7,8), and that the growth ring indicates the 

renewal of growth, as it has been stated above, therefore 

it does not belong to the previous but to the subsequent 

(next) year zone, so by taking the "estuary" rings for . 

growth rings we would have assumed -the possibility of — 

only a 5-10 cm growth Per year for the signifidant ma-

jority Of the fish, wheréas.other fish will reach 25-30 	• 

cm length in one year. Of course,cases of such a weak , 
growth are theoretiaally possible, but these do not occur on a. 
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mass scale. In addition to this, the survival of such 

fish hardly van'be considerable. 

ïhe question concerning the formation, time of the 

"estuary" ring is not clarified until the present time, 

since we had no information about the places where the 

young fish_live during the first months.Now, however, we 

have already some data concerning this question. 

During the Passage of the ship ”Amethystu in the 

Sea of Okhotsk in the region of the station N.lat. of 

53o10', E. long. of 143
o 
53', on September 21, 1964, 

eighteen keta salmon of 15-19 cm length from that year's 

brood were caught with a fine-mesh net (mesh  sise: 22 mm 

from knot to knot) set overnight. At least four of 

thesefishhad clearly noticeable °estuary°  rings intheir 

scales involving from 9 to 13 sclerites in the core zone. 

ln one case these sclerites were of the same width as 

the subsequent Ones, whereas in.the other cases these 

were significantly narrower (Figures 9,10,11). The size 

of the young fish corresponding to these rings, according 

to the data of backcounting would be 10,3,11,6, 12,2 and 

13,2 cm.  

4 	At the back counting-we hal/e.assumed that the scales 
will be forMed on young fish of 3,5-4 cm. length. 



31 

Thé young fish evidently could not reach - this 

length in the river, consequently, this zone could not 

à -  «fresh water" zone but an "estuary" zone., 

The proximity.of this fishing 

groun d t-o -__Sakhali'n:Bay gives rise to the assumption 

that theseViginate from the Amur river , . and that their. 

"estuary" zone was formed in the fresh waters of the 

Amur estuary. 

The formation time  of the  "estuary" zone was 

evidently JulyAugust, since the other,. clearly sea-type 

sclerites could not have formed in less than a mobth. 

The terms "estuary zone" and "estuary ring" are, 

of course, very conditional. These may be aPplied to the 

Amur-keta, but not acceptable for other shoals. For this 

reason it would be better to c411 -this zone a transient 

sea zone (abb.MPÀ), and the annulus which limits this zone 

a transient Marine annulus (abb. MPK), in consideration that 

these are formed in:the coastal waters under.circum- 

atances differing significantly from those where the 

subsequent growth takes place. 

Naturally, the existing differences between 

the river and the high sea (or if expressed in time: 

fromepring toHsummer),'. under the condition of not one . 

but two or More.sufficiently abrupt differences in 

water temperature and sakinity, may be correspondingly 
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result in the formation of not only one transient zone 

on the scales. 

The percentaie ratio of fish having "estuary" 

rings on their scales is variable for every keta shoal 

from year to year (Table 9.). This is quite natural, 

since the environmental conditions are changing as well. 

However, in the analysis of these year to year 

variations and in the comparison of the shoals from the 

different rivers with each other, thé time of material 

collection•shorild be taken into account, considering that 

the relative quantity of fish with "estuary" ring also 

varies during the season, i.e. decreasing from the be- • 

ginning to the end of the season (Table 10.) 

Table 10.  

Relative quantity of fish with "estuary" and "fresh  

Water" zones on their scalea during the run of 

keta salmon in the Kamchatka river .(1964)  

TacS,ItlLa 10 
• OTHOCHTeBbH0e KOBHUBCTBO pbai c «acryapaoh» H pevaoil 30HOÙ 

ma vewye Ha nporsbaemof xoaa Hem B p. Kamgaray (1964 r.) 

29/VI 	 69,2 	 10,3 	 39 
6/V I ! 	 32,8 	 58,3 	 36 . 

13/VII 	• 	10,3 	 82,7 • 	 58 

1 - data; 2 - fish having "estuary" zone,%; 3 - fish ha- . 
ving "feesh . watere .zonee>; 4 - the total quantity of the 
fish. 	• 	• 

The following euriOus peculiarity' has been cla- . 

' rifted from this. As it is known, the migration of the 

keta fry into the sea is Sufficiently extended and 



. 33 

obviously depends hot so much on the hatching time of 

the fry from the eggs as on their number, on the hydro-

logical conditions and on the food supply in  the  spawn-

ing-breeding place of the given river basin. 

On the basis of the scales of the mature fish it 

may be determined which have migrated earlier and which 
•••• 

later'into the sea. The portion of the fry which spends 

longer time in the river will migrate into the sea with 

already scales on themoehéreas the others without scales; 

thus, on the scales of some fish the "fresh water" zone 

which cOusist of some (usUally 5-6) small, fresh water 

sclerites iswell visible, whereas on the others it is 

not. 

The number of the fish having the "fresh. water" 

zone also varies during the season. it was established 

that the number of the fish with "estuary" zone decreases 

from the beginning to the end of the run, whereas the 

number of fish with "fresh water" zone increases (Table 10.). 

In other words, the "estuary" zone may be more frequently 

observed on the fish which has arrived first, whereas the 

*fresh waier * zone on the fish which has arrived last*. 

This shows that the "estuary" ring 

The result is that the fish descending later into 
the sea will also ascend later to spawn. 
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is most frequent on the fish which descended early from 

the river. hOW to explain this? It seems to me that the 

only explanation is that the fry which descend 

early arrive in the sea at a fairly low temprature, 

weakly developed plankton and in conditions of consi-

derable freshening of the water along the coastline due 

to the melting of snow  and the  spring flood of the rivers. 

Thi s  is evidently the main reason for the formation of 

the "estuary" ring. 

rrom all the above consideration it'may be concluL 

ded that at the same external conditions the quantity va-

riation of the fish over the year, i.e., fish having an 

"estuary" ring, depends on the time of descent of tne young 

fry'. in years of earlier descent the relative quantity 

of fish with "estuary° ring should increase. 

Evidently, this is also the reason,as well as the 

hydrological conditions of tne sea-water along the coast 

line, that the occurrence of fis with "estuary° zone is 

not the same in the shoals in different rivers. 

Undoubtedly, the most favourable conditions for 

the forming of the "estuary" zone exist wben the young 

fish lives in bays, inlets, and firths where the influence 

of the fresh water is stronger tnan in the high sea. 

Possibly this is the expanation for the high occurence 
-- 

of fish with the "estuary" zone in the rivers of the East 



coast of Kamchatka (very broken'terrain), and for the 

low occurence on the West coast in the region of the 

holesaya river. 

Ëinally, it should be noted, that the this year's 

brood keta having "estuary" ring on tneir scale do not 

differ_in length from that which does hot have it and 

sometimes it is even bigger '(Table 11). 'Ellis means, that 

the young fish having descended later from the river, 	• 

by the end of the year will catch up in growth with the 

fish descended earlier. Undoubtedly, the explanation is 

that the former arrive in the sea under conditions which 

are more favourable for feedinc. and growth, i.e., when 

the water is already warmer and tne plankton for food is 

better developed. 

Naturally:itis also possible to assume that in the 

case of an early descent not the rish themselves will 

develop but only their scales; but in that case the fish 

which has descended earlier snoula be significantly bigger • /28  

than that which descended later.  ihis, however, was not 

observed by us. 

• 	humpback salmon. 12he occurrence 

of the supplementary ring of connected scierites in the 

core part of the scale of the humpback salmon was noted at 

first by uilbert in 1914. Pravdin called it a fry ring' 

in the assumption that it was formed while in the river. 
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Table 11.  

Length of this year's brood keta salmon with and  

without *estuary" zone 	accordinE to  the data of back- 

countineu collection 196311.  

T a 6 	tt a  Il  
/Lima rOKOKHKOD KeTM C «acTyapnoei» 30HOr na newye H 6C3 nee 

/la tomm o6pa two pacquuleium, diopm 1963 r.)* 

C ,/cryapeutl ,,  lue,4 	 Bel «3crvapHoll› 30 1 M 

	

P Kamnumsa 	 20,8-- 99,3 	23,2 	33 	20,7-30,6 	24,9 	34 .  

	

Kopq)a 	 22,3-32,4 	26,2 	29 	19,7--29,6 	24,1 	14 

1- basin. 2 - With "estuary" zone; 3 - without "estuary" 
zone; 4 - variation limits, cm; 5 - on average; 6 - num-
ber of specimens. 7 - Kamchatka river. 8 - 1.orfa-t3ey.  

However, it was latsr established that tne young hump-

back salmon descend from the river without scales. Con-

sequently, this term may be only conditionally applied. 

Navozov- Lavrov (1927), Pritchard (1931) and Milovidova 

Dubrovskaya (1937) were of the opinion that this ring on 

the humpback salmon.is  formed during the migration from 

the fresh water to the sea, in the freshened water of the 

bays and firths. It was assumed by Navozov-Lavrov, for 

example, that this ring on the humpback salmon in the 

Amur is partly formed due to the insufficiency of food 

in the estuary of the Amur.Against this it should be 

pointed out that the river ending in a bay or inlet is 

not an indispensable condition for trie  forming of the 

"fry" rings. 

.'rom Milovidova-Dubrovskaya and Navozov-Lavrov 
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point of view the mouth of the Amur river with its 

high fresh water content has to be considered, without 

any doubt, as the ideal basin for the forming of  the 

 *fry" ring; nevertheless this ring is not so often round 

on the #umpback salmon in the Amur river. 

According to Enyutina (Table 12.) the relative 

quantity of the fish having"fry° rings isithe Amgun' ri-

ver has varied over different years (1953-1960) between 

0 and 19> and on an average it is only 6,1%, while the 

quantity of such fish in the My river which flows di-

rectly into the southwestern part of the Amur estuary, 

on an average was not higher t'- an 8% over the same years. 

Milovidova-llubrovskaya did not observe any fish 

having °fry" ring among the humpback salmon in the Tumnin 

river flowing into the Datta:Bay, and accoroing to the da-

ta of A.S. Nikolaev in 1962 these totaled only 8%. 

On the other hand, the quantity of such fish some-

times is high enough in some of the rivers of West 

Kamchatka flo wing directly into the sea. In the Kikhchik 

river, for example in 1934 according to the data'of 

Semko, their ratio was 48% of the entire shoal, and in the 

Icha river in 1929 (according to our determination) 23,7% 

all of the fish (Table 12.). 

This means, that the conditions for the formation of the 

*fry* ring are present in the bays, inlets, and estuaries 

of the rivers as well as in the open  coastal regions. 



1 (9 K. Mliarymit, 1959 î) P. Ca6myraaa (XoKKaiiRo) 

38 

Table 12.  

Occurenca of the humpback salmon with *fry" ring in  

various regions of the Far  •ast.  
T a 5 a an a 12 

Bcrpolaemocrb ropBywit C «MaabKOBWM» KOJIMMIS1  B pa3HbIX pakmax ,1:14.111.Her0 BOCTOKi 

.4 	.,5 
/ 	 2 	3 	BeTpevae- 

NI ocrb 	ilecaex,o- 

- 	 • 
PeKa 	 Awrop 	 Top, 	

‹maaKKo- 	Katie 
110M 	 pueS 

Kotimia,, 	(sKa.) 
(Yn 

• 
1953 
1954 
1955 

1  P. Ty1111-11111 (11pantopbe) 	 (I A. C. HaKonaen* 	1962 
P. Amryub (AtttypcKaii 6accef-w) 	jQ  P. H. Emma, 1962 	1953 

» 	• 	' 	 1954 
•1956 
1958 

. 	» 	 » 	 1959 
1960 

1.-  3 a ri a ,au a ri K a m ti aTKa • 

15,4 	26 
91,0 	83 
16,6 	86 
8,0 	100 

19,2 	151 
3,3 	122 

11,1 	45 
128 

5,5 	108 
2,7 	226 

WP. liqa 	 q Caen. onpeReaettaa 	1929 	23,7 	144 
: P. Kiroom 	 /J o  P. C. Cenmo, 1939 	1934 	em 	loo 

.J.y}T. aMblIMA 	 » 	 1935 	0,0 	1 00  

• '» 
	 1936 	me 	mi 

» 5,Ç H. B. Bffliao, I958 	1955 	OM - - 1 00 	• 
» p A. C. HaKonaeK* 	1960 	0,0 	100 . 
» » 	 1961 	1,0 	100 
» » 	 1962 	6,0 	1 00 

4 
• ' B o c r o q K a n KamnaTna 

, 	mnixffli MMall n pemme Kamne- 	.114. B. Blipmair, I958 	1955 	63,0 	81 
cKoro aaallua 

	

3i.hrh Kopq)a 1 A. C. HaKonaea* 	1962 	590 	100 
» 	• 	 » 	- 	1963 	4IM 	k9 

. 	 . -------- 
* cDoimbi K0TI4HP0 2- 	 . 

1 - river; 2 - author; 3 - year; 4 - accurence of the 
°fry°  ring %; 5 - total number of the examined fish 
(specimens); 6 - Sibetsugava (Hokkaido) ; 7 - Tumnin 
river ,(Coastal region); 8- Amgun' river (Amur-basin); 
9 - West Kamchatka; 10 - Icha river; 11 - Kikhchik . ri-
ver; 12 - Borshaya river; 13 - East Kamchatka; 14 - 
:Pacific Ocean in the region of the Kamchatka Bay; 15 - 
Korfa .Bay; 16 - K. Miyaguchi o ; 17 - A.S. Nikolaev; 
18 - R.I. Enyutina; 19 - own determination; 20. - R.S. 
Semko:  21  - 1..B. birman; 22 - KoTINRO stock.  

It is important to note that  trie ring on all the 

fish  of , a given generation was never observed at all and., 
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as a rule, the majority of the fish do not have it. The 

most probable explanation for tnis is tnat the condi-

tions affecting the formation of the "fryn.ring are tem-

porary and only a portion of the descending young fish 

are arfected by them. 

As it is known, some of tne authors (Vedenskii,1954; 

Lapin. 1963, 1964) assume that tnese rings are growth 

rings. Fish having these are assumed by Lapin to be in 

the third year (2+), whereas according to Vedenskii tney are 

the fourth year (3+). Vedenskii was of the opinion that 

if there is no ring present, this should be taken into 

account as an invisibly existing ring; the reason for 

its non-formation should be only the late renewal of the 

growth in the spring of the next year, and that the growth 

began immediately with wide sclerites. Now we know, 

however, that the growth renewal of the humpback salmon 

begins 

Vedenskii's assumption cannot be accepted. 	. 

The size.Of the zone involved in the "fry° ring 

is, naturally, very small for a growth ring. Usually it 

is barely half of the typical growth ring. Lapin has 

assumed that the explanation for this is a late descent 

of the fish. 1 -11e character of t_lis ring, however, is not 

the mark of the changed duration but of the changed  con-

ditions of the growth. Undoubtedly the narrowness of the 

sclerites covering this zone indicates that the fish 

as ear ly as in the winter. in view of this, 
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which have this ring were growing more poorly than the 

others for some period after the migration to the sea. 

As it is known, the factors tetarding the growth 

may be  the  high fresh water content of the coastal wa-

ters /  the low water temperature and the insufficient - 
development of the plankton serving as food. All these 

circumstances may be usually observed at the beginning of 

the summer season, and the fish which descend early 

are most affected by these influences. Thus, we cannbt 

accept the assumption of Lapin. 

As we have seen, the *estuary" ring on the keta 

salmon is the consequence of an early descent. The si-

milarity of the "estuary° rings on the keta salmon to the 

"fry" ring of the humpback salmon is undoubted. As far 

as the regions are concerned, the occurence of these 

rings is also sufficiently similar for both species. 

ror example, in the Kamchatka river, in Korfa Bay, 

and generally in eastern Kamchatka, these rings on both 

species occur quite frequently, whereas in the Bol'shaya 

river, at least for the time bèing, these are rare enough 

or even totally absent on both species (see Tables 9. 

and 12.). 

It is also important to notfc that thé sizes of the 

young fish with and without these rings are about the 

same for both the keta salmon and the humpback salmon 

(Tables 12. and 13.) 
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All this indicates that the origin of the supple-

mentary ring is the same for 	. both species. Wile for- 

mation of the "fry" rings on the humpback ,salmon and the 

formation of the "estuary" rings on the keta salmon is 

undoubtedly the result of early descent. it is absolutely 

evident that the young humpback salmon descended early , 

for a period of time will grow slower than the others. 

At the beginning or this period this is probably caused 

by the insufficient warming up of the water and inad-

equate development of the plankton, and in addition, by 

the longer existence in the narrow coastal zone cooled 

by the coastal drainage which also increases the fresh 

water content. in the bays and inlets thé influence of 

the coastal drainage is naturally more effective than 

in the regions of open coast; for this reason it is 

not excluded that on regions with bays and inlets the 

occurence of fish with "fry" rings is more constant. 

ibis  will be evident when if a comparison is made between shoals 

of keta and humpback salmon in Western and Eastern 

içamchatka. in one way or another, the early descent 

of the fish having on their sc9.1es "fry" ring is un-

doubted, otherwise it would not be understandable 

• how these could reach the same teometimes even bigger) 

size than the other rish by winter,in,spite of their 

longer growth stagnation. 

•I 
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lable 13. 

of humpback salmon,  spawning in 1963, in  the first year 

of life (accordin£ to tnyutina, 1962)  

T a 6 	u a 13 
Pa3mepbt re.aa H Homivecreo-meaepHroB Ha tiewye y rop6yunt 

HepecTosbur no/xxoaoH t0,9„-iroga 11,4-11ept10111 nay 14(113,111 

(no Emarimoft, (1. 962): 

1+ 	1  ( 1-1-- ) 	 ( 1- i - ) 	1--1- 	1 (1 4-) 
124 	37 	122 	20 	129 	70 rtinc.no 3a3einanp0s 

‘.. amnia (AC),. cm 
,-1 aone6anun 	' 	 22-43 	24-39 	22-35 	20--38 	19-38 	2-1--40 

' 	' e cpe,amee 	 30,4 	30,1 	27,0 	26,7 	29,1 	28,9 . 

9  KanH4C'è1130 CIUTepliTOB . 
• xo.ne6anna 	 14-26 	16-25 	15-23 	1 7-22 	15-25 	16---25 
„. cpeanee 	 19,6 	20,2 	19,7 	19,6 	20,7 	20,4 
t. 

11 p it M e ti a it n e. 1+ — getnyn o6bitoloro Tana 0e3 aono.70111re.nbnoro Kallala n sinclo- 
iiofi qacTu; 1 (1-F-) — veuiya c aonoonnTe.ii,111,1N1 KOjIbLION1 llJIIt 30}10ii Cpl(CIIHLI \ ckak-paron 
a np,epnoil 

1 - characteristics; Iski river; 3 - Amgun' river; 4 - 
My river; 5 - number of samples/ 6 - length (AG),cm; 
7 - variation; 8 on an average; 9 - number of sclerites. 

N o t e: 1+ indicates a usual type scale without supple-
mentary ring in the kernel; 1(1+) indicates a scale 
with supplementary ring or zone of contracted sdléÉltes 
in the.kernel. 

It follows frourthe above considerations, that 

at given hydrological conuitions in the coastal zone the 

number of fish with "fry" ring should depend, on the one 

hand on the time of descent of the young MI:1h and on 

the time dynamics of the descended fish, and, on the 

other .  hand, on the distribution rate. of the descended 

population of young fish at which theY'go from  the coast 
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to the high Seas. l''aturally this factors vary from year 

to year. 

On the other hand, the time of descent and its 

mass character during the seaSon depends on two main fac-

tors: the variation of the water level in the rivers 

and on_the abundance of the generation.*Under the same hydro-

lègical conditions the descent of the majority of young 

fish will evidently be completed earlier when their 

/lumbers are .  f ewer.* But, the lower the population den-

sity of the yoling fish descending into the sea, other 

things being equal, the slemer they will go away from 

the coast in search of food. It follows, therefore, that 

In  a small 	humpback salmon generation in a 

given river basin, as a rule fish having "fry" ring will 

be found more frequently than in a numerous ge-

neration. Although Enyutinai 1962 ), on the basis of 

studying the occurence of efry" ring on the Amur hump- 

back salmon, denies the connection between its occurence .  . 

and the number of fish in the generation, nevertheless 

theoretically speaking this connection should be obser-

vable in period of relatively low variations in the 

hydrological conditions over the year. Lapin(1963) has 	/31 

In this case the food supply of the young fish is 
of  no importance, since the salmon fry hardly feed at all. 



43 

pointed out this type of connection with regard to the 

Amur humpback salmon as well, mainly on the basis of 

the data supplied by Enyutina. As it was pa id  already, 

Lapin assumes that the "fry" rings are growth rings, and 

that the fish which halma'these are in their third year 

(2+). Lapinpointsout that there are mOre such fish in 

the not so numerous spawning shoals of the Amur hump- 

• back salmon (•.•odd .years) than in the more numerous 

ones (evan years). Lapin is of the opinion that a por-

tion of the fish from the foregoing abundant generation 

are retarded in their maturity'by one year. lie tries to 

explain . the.mechanism of alternating generations of the 

humpback salmon by similar -  "interpenetration" of the ge-

nerations. However, as it was stated, the fish which 

were assumed by Lapin to be in the third year, in fact 

were not. The higher occurrence of these fish in years of poor 

run may be explained 	by the fact that these 

are in the second  year and are individuals from the nu-

merically poor generation among which, due to the above 

considerations, there should be a higher ratio. 

While this paper was in print, Ivankov (1965) 

. published a paper in which he also deals with the ques-

tion concerning the nature of -uhe "fry" ring. Ivankov, 

like the present author, considers this to be the result 

of an early descent. 
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We may agree with Ivankov's opinion, according to which 

the mortality of the early deàcended young fish should 

be higher than that of the fish descended later, however, 

this may be hardly the explanation for the higher occu-

ranee of the  fish with "fry" ring in the not so numerous 

generations. In the first place the not numerous humpback 

generation, as a rule, originate from a ne—numerous ge-

neration as well, secondly, it would be incorrect to 

think that the occurence of the fish with "fry"  ring  may 

be high only in less numerous generations. According to 

the already-quoted data of Semko, among the humpback 

salmon of West Kamchatka there were large nuMbers of fish 

with "fry" ring in 1934 and 1936, although during 

these years the number of the humpback salmon in West 

Kamchatka was fairly high. Conversely, for the time 

. being / while the number of humpback salmon in West 

Kamchatka is very low, the occurence of fish«with "fry" 

ring in the spawning shoals is insignificant for a num-• 

ber of years. This indicates that the time of descent 

and the duration of stay of the young fish at the coast 

does not depend exclusively on the number of fish in 

the generations. 

..einally, it should be noted that the absence of 

any significant difference in the length of a particular 

.year's brood humpback salmon with and without "fry" ring 
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contradicts the point of view of Krykhtin and Smirnov 

(1962), according to which the different sizes of that 

particular year's brood in a generation of approximately 

equal numbers may be explained by the differences in the 

time of descent. Obviously, an interval of one ortwo 

weeks hetween the peaks of descent does not play any 

significant part. by the same analogy the size varia-

tion of the partiéular year's brood in any given gene-

ration does not depend on the uime of descent, i.e., 

the sizes of the early descended and late descended 

fish are about the same. 

Frequently on the edge of the second years zone 

on the scales of the humpback salmon another ring of 

éonnected sclerites may be round; these rings may be 

easily confused with growth rings (Figures  12,13). 

This ring is unusual on humpback salmon of an early run; 

it may be observed only at the end of July, August or 

September, and its occurence increases with time. This 

ring should  hot  be considered a growth ring. before 

the forming  of'  a growth ring a stagnation in growth 

should  oc eux but there is no stagnation in the growth 7 

or the humpback salmon during the summer months of their 

second year of life. As it was already stated (Birman, 

1960-a), only some retardation of linear growth may be 

observed in comparison to that of the first year, while 
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the growth of the scales is somewhat retarded as well. 

Evidently the connection of the sciantes  is just the 

end result of these and indicates a general slow-down 

or the linear growth in the h=pback salmon by the end 

of une second year. During thisperiod the total food 

energy is taken up by the intensive weight increase 

and by the vigorous maturing of the gonads. 

In addition to this we already know that on a 

portion of redback salmon, although their growth is 

slower than that of the humpback salmon, the  second 

growth ring in the sea is still formed in midwinter. 

in the case of the keta salmon even the fourth and the 

fifth growth ring are formed not later than May. lt is 

so much less probable tnat the second growth ring could 

form only in July; this ring should appear no% later 

than April at least, and most probably even earlier. 

mevertheless sometimes humpback salmon may be found 

which are undoubtedly two-year-old, but quite certainly 

all these have a significant number of summer forma- 

tions in addition to the second growth ring. 

Summary  

1/ Ihe growth rings on salmon are formed after 

the winter stagnation of growth and characterize the 

beginning of new growth. lhese rings do not delineate 

the year zone of the scale growth but denote the be- 
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gnning of the next one. In this relation the marking 

of the age should be somewhat modified: after the num- 

ber or rull Years completed by a given individual uhe 

"plus" sign should be added even in that case when the 

scales are bordered by the growth ring, since this ring 

itself already represents new growth. 

2/ 1.he growth rings on the humpback salmon and 

silver salmn form not later than the first half of 

January. before this time there is a very short growth 

stagnation. The duration of the winter growth stagna-

tion and tire time of growth rerewal  (formation of the 

growth ring) of other sai_mon species depend on the 

age of the fish: the younger the fish the more'it will 

resemble that of the silver salmon and humpback salmon, 

with respect to the duration of winter stagnation and 

the time of growth renewal: 

a/ the formation of the third growth ring in 

the sea takes place most frequently in March but it 

may be delayed till way; whereas the second growth ring 

in the sea forms not later than March and on some fish 

.even in January and February; 

IV the formation of the fourth growth ring of 

the keta salmon most frequently takes place in May, 

however e it'may be delayed till June; Whereas the third 

:::rowth ring usually is formed in April and the second 
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evidently even earlier; 

c/ .1:he formation of the growth A_ng in the sea 

on the redback salmon of the one an cz the same series 

takeS place, on an average, earlier tnan that of tne 

keta salmon, i.e., the winter growth stagnation of tne 

redback-salmon is evidently shorter; • 

d/ the formation of the first growth ring in the 

sea on tne redback salmon, keta salmon, Oncorhynchus 

masu,  ana probably also tne king salmon takes place du-

ring the winter month,and in some cases not much later 

than on tne humpback and silver salmon. The Young indi-

viduals of these species keep on growing over the major 

part of tne winter. In case of humpbablkand silver salmon 

the snort duration of growth stagnation and the early 

renewal of growth is, in this way, the consequence of the 

e youth li of these fish; 

e/the formation of the second and, especially the 

third growth ring on the Oncorhynchus  masu in the sea 

may be delayed till June. 1or this reason it is possible 

to understate the age of this fish by one year in the 

case of early spawning. This salmon returns for spawning 

after spending one, two or three years in the sea. 

3/ The size of the yearly scale growth deoreaàes 

with age; this is the consequence of not only the retar-

dation of growth but also that the renewal of the growth 
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takes place always later after tne winter retardation. 

The younger the fish (beginning from its second year 

in the sea) the relatively bigger portion of its "sum-

mer growth of scales (and the body reppectively) will 

occur during early spring or the winter period. In other 

words, in the case. of keta, redback and king  salmon and 

Oncorhynchus  masU, from their second year in the sea 

onward, aach subsequent yearly growth of their scales 

and bodies, on an average, will correspond to a shorter 

time period than prçviously. 

4/ The second year growth on the above mentioned 

salmon species corresponds to a longer time period than 

the first one, especially in the case of fish which 

descended from the rivers at the height' or at the end 

of summer. 

5/The equality or slight increase with age . 

of the yearly growth of the scales observed on some 

salmon . (for example on king salmon and on Salmo pen- 

shinensis  Pallas) may be evidently explained by the 

late descent of the young fish and by thé early growth 

renewal in the subsequent years. It may be assumed • 

that the growth stagnations are very insignificant', 

6/ The.gtbidâilperiods of the humpback and sil-

ver salmon in their first and second year in the sea 

are almost èqual. 
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7/ Y./hen considering the growth in Iehgthof the 

body of salmon during their first year in the'sea, the 

data usually obtained by the back counting method should 

be consideredas exaggerated, àince in the'analysis the 

growth ring is also taken into account. 

8/ The illegibility of +.he growth ring may be 

mostly found on young, fast growing fish, in the first 

place on species which are fast growing in winter as 

well; this indicates either the continuity or the growth 

or that the renewal of the growth was not slow. 

9/ The first growth ring on the salmon is rep-

resehted by a higher number of connected sclerites than 

the second. This may be explained by a growth renewal 

taking place earlier (and at a lower - water temperature) 

in tneir second year in sea. 

10/ The supplementary . et estuary°) ring within the 

first year growth zone of the keta salmon forms about 

July-August; it may be observed on fish descended early 

from the river and having no fresh water zone on their 

scales. From the beginning of the run to its  end the 

number of fish with "estuary" ring (i.e,the number of the 

early descended fish) decreases e  and the number of fish 

with fresh water ring (i.e., the number of thé late 

descended fish) increases. 

11/ The keta salmon with and without "estuary" 

zone on their scales (i.e., the'early and the late 
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descended fish), like the humpback salmon with and without 

nfry" ring, will reach about the same sizes by winter. This 

circumstance as well as the similarity of both rings indi-

cates tnat these have the sanie origin. Isoth of these are evi-

dently the cOnsequence of an early deseent and longer stay 

under cdnditions which slow down the growth (low temperature, 

nigh rresh water content of the coastal zone, et c.) 

' 12/ Other conditions being equal, the occurence of 

rish with "fry" ring in the not numerous humpback salmon 

generation should be higher than in the numerous generation. 

This is the probable explanation for the Predominance of 

such fish observed by Lapin (1965)-, in the case of Amur hump-

back salmon in the years of weak run. This condition, how-

ever is not obligatory. Sometimes a high occurence of fish 

with "fry" ring may be observem in abundant years . as well, 

and vice versa, may hot be found in poor years. 

1;5/ In the keta and humpback salmon the time of des— 

cent does not determine the size variation of young fish 

in the pieulation of a given year and the length differences 

between the young fish of adjoining generation. 

14/ It is proposed that the zone of the scales bor-

dered by the "estuary" or "fry" ring should be called trans-

ient sea zone . (abb. MPZ). 

15/ The contraction of the sclerites of the hump-

back salimn, as sometiMes observed at the edge ot the se-

cond  years zone, should,not be considered as a growth ring, 

since this ring is formed at the 'end of summer or not much 



52 

earlier, whereas in the slower growing other salmon species 

the second growth ring is formed at spring or during the 

winter.months. This is a supplementary ring, evidently in-

dicating the abrupt retardation of the linear growth in con-

neCtion with a fast increase of weight and vigurous matu-

ring or_the gonads before the ascent to the rivers. 
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rdu.1  ScuLe of-a ,timpback salmon; April 18,1959; 	lat. 8 I 43 00 E. long. 173 37-. Length of the fish (AC) 51,5 cm; 
weignt 700g. 
rig.2.  Scale of % humpback salmoni rebr.11,1965. Sea or 
Japan N. lat. 38 36'. E long. 130 27±. Length or the rish 
(AC) 29,5 cm, weight 250 g. 
	 Socle of a redback salmon with one grieth ring in sea; 
;Ilarch 18, 1964; N.lat. 49 °  00 1  , E. long. 177 22 /. 
Litu21.1.  Scale of a keta salmon; July 12, 1959. Length of the 
fish 32 cm, age 

Scale of an OncorhynchOs masu with one growth ring in 
léài—reebr.l1-,1965. Sea of Japan; N.lat. 38 0  36 1 E. long. 130 ° . 
27 /.Length of the fish 34 cm; weight 500 g. 
Fig.6.  Scale of a keta salmon with °estuary" ring (Korfa-bay). 
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ffig.7.  Scale of a keta salmon with °estuary" ring (1amchatka 

river). 
r1E22, Scale of a keta salmon with fresh water and "estuary" 
ring (Kamchatka river). 
Fig.9.  Scale of this year's brood keta salmon with °estuary" 
zone.Sept. 21,1964; Sea of Okhotsk; length of the fish 14,7 cm. 
rig.10.  Scale of this year's brood keta salmon with "estuary" 
zone and ring; Sept.21,1964. Sea of Okhotsk; Length of the rish 
17,8 cm. 
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✓ig.11.  Scale of this year's brood keta salmon with "estuary" 
zone and ring; Sept. 21, 1964; Sea of Okhotsk; Length of the 
fish 17,d cm 
✓ig.12.  Scale of a humpback salmon 1+ with supplementary ring 
on the front edge of the scale; bept.8.,1956;. high sea South 
from the Commander Islands; length of the fish 52 cm; 
weight 1500 g. 
ffig.13.  Scale of a humpback salmon 1+ with "fry" ring and 
supplementary ring on the front edge of the scale; Aug.6,1939; 
Aamchatka river. 

Pile. 9.  T-letliyii ceronei Ka ICl w  e 	3c15apuoi1» 
acaloil. 21/IX 1961 r • OxorcKoe mope ./I,Junia pLo5b: 
11.7 CM. 

Pm:, 10. tleinyK  cet  0..terKa he  Fil C 
Mai II isoabiloni. 21/1 X 1964 r 
:1,•oula phi 61A 17.8 cm. 

Pile.  I. 	ceroae rha KeTbt c 
moil it Kombnom, 21/IX 1964 

pta6hi 17,8 cm. 

Pli c 	12. tiellIy 51 ropliyut II I 	e ROI10.1  u  urea bHIAM 
Koabuom ua nepeamem Kpae uieiiiyut. 8/IX 1956 r.. 
orKpuroe M0pC K lory OT Koma 112,opcKlix ocrponoa. 
11,/1111111 plii6i.i 52 CM, BC  —  I 500 e. • 

1.1 , leutya rop6ymi  14-  c ula .9bKOalaal, KOJI!, 
QOM  It  nouœunire.roditem Komillom Ka ilepeRneal 
Kpae Ketuyis. 6/VI  Il  1939 r, P. Ka mmaTKa 
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