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Assuning tne knowledge oi tihe gen=ral biclogical

regularities of a given species examinationoi the scales

1
'%' on a risn is, as it is known, an important means of cla®ify-
ing those ecological peculiarities wnich are inaccessible to

direct observation due to the specific aspects of the object.

: . ¢ ..
ihe examlnatlongscaLes on the Pecific salmon, as a

iy,

| e sromsmn

rule, does not involve great difficulty, Neverthgless, there
are controversies concerning some of the details of the

scales which have not been clarified as yet. Some of the au-
thors (Vedenskii, 19543 Lapin, 1963, 1964) dispute the general-

ly accepted opinion about the two-year life cycle of the

. . salmon ana accept as growth rings those

formations which are disregarded in the determination of the
age of the salmon by other authors. it is obvious that the
revision of the question concerning the age leads to the
revision ©f, other concepts in the biology of the salmon, and
also leading to attempts to find new solutions to some of the

problems of population dynamics of this fish. Consequently,
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annular formation and similar formatione is
not unly of theoretical but also of practical interest.
In acaition to this, without the clariticatiomn of this
question .& correct description of' tne periodicity of
the growth is not possible.

The nature of the annuli

It 1s generally accepted that the annuli

ol tne Pacific salmon are the direct result ot retarda-
tion or total stagnation in growth during winter., due

to low temperature or unfavorable feeulng conditions. On
the basis of the width of the annuldi which is, as

already known, a narrow zone ot connected sclerites, it

was attempted to establish even the longitudinal growth

or the body of the salmon during winter; in some of the

papers after the word "scleritea* oif the annuli

the term "winter" has remained even until the present

‘time. If we were to be guided by such calculated values

we would come o the absolutely tralse conclusion that
the various species. of salmon differing significantiy
trom each other as far as thelr 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 annuli of the Pacific salmon

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

7

of growth
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rable 1.

Average lenizith lncrease in tne body of humback salmon and

the red salmon during the first year of their life in the

sea 4fem] (accoraing to data of back calculation)

"TaGanua |}

OpatHoro pacuncaeiiiis) npupOCTM :
'HOTO P { DARHS
XpachoR va ficpsom TORY MH3HN 8 MOpec (emy 5

. Cpeanre (10 asuubiy o
;p.‘*can ropSywiy
ffi:lu

J C ropsyine 7 .| “kpacwn v,
R Iy
a i ? : . . s
g, |- amasctin ) | vomnerb] g
ROBDR-LYOpoB-] . )
cxof., 1%97) "7&?“ 3,1_’:?,'.*.
#  Jero 242" . 343 . g
49 3uma | N SR+ S ¢
Je Sarton 274 are” 8,1

1l - period of growth; 2 - humback salmon; 4 - red salmon, Lake
Dal'nee (according to Krogius); 4 - seacoast (according to
Milovidova ~ Dubrovskaye, 19%7; 5 - Amur~basin (according to

- Bnyutina, 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 waters south of the

Western part of the Aleutian ridge, annuli were found

on their scales and, in addition to tuhis, 7-13 ( on the
average 9,7 ) wide "summer" type sclerites in the €econd
year growth (Fig.l.). About the same conditions were round
on the silver salmon. On the other hand, a portion of the
keta salmon and fed back salmon caught at the same time
hed no annuli  at all, whereas other fish had them

but without the slightest sign of further growth. Thus,

€3]
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it was concluded that tue humpﬁack salmon (as
well as tne silver sa.mon) grows well in winter, the
growti ringslform not later tnan tue miudle of January
and consequenitly thnese are not characteristic of
the winster growth. On the keta salimon and reatack s&aimon
the grewtn rings form during spring: on tue [ormel gene-
rally in marca, on the Latter in April. 'O vnis reason,
neitia=zr in .nis dase do the growth rings characterive the
winter growth conditions. In all rour 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 beiatedly, also indicates that in Mav
a portion of the four-year-old keta salmon still did
have the outer growth ring and that these differed fron
those in the fourth year (3+) only by the higher number
(6—18 against 4-5) of sclerites in the lacst year's growth.

, Concerning the Atlantic salmon (from the rivers
of Scotland and Finland),it should be noted that there are
earlier indications from Jarvy ana uensies, 1936 (quoted
accgrding to G.P. Barach, 19406) that wuring 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 orf a subsequent

ren%wal of growth. It is true that these indications rela-

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

.
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apply to tne period spent in the sea, since it is probable
that ﬁne 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 was proven very convincingly by Lapin (1965)
by histélogical investigations of the scéle structure of
herring and carp fhat during the stagnation of the growth
of scales in winter no mark was formed on their edge, and
“that the growth rings were only the result of the renewal
of growth. _ -

Conéérning 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 6pinion 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 weeké of spring.
Vedenskil was mbfe inclined to the second variant; he has
supposed that during winter the humpback salmon stayé in
‘the cold water which is impOYQriah@din plankton; however
we already know that this 1s not true. The assumption of
KaganovskiiA(1949) has been pfoven,\according to whieh thé
humpﬁack salmon migrate into relatively warn waters during
winter. Observations (Birman,1960 b) have indicated that

in winter the humbback salmon migrate into the blending
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zone of subarctic and subtropical waters, further south

<

than the 3-50 isotherms. ‘I'he ﬁajority of the humpback sal-

TV

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

R S

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

P

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

R

rishment. A8 it was proven by Mednikov,igbl), till the end of

g

April the blending zone has sufficliently high quantity. of
plamktonic bilomass. During winter, in December-Januery, the

18/17 _ propégation of some specles of -¢ o pepods Calanus cristatus,

C. plumchrus)takes place in mass. In éddition to this, there
= are abuﬁdant'quantities of pteropoda molluské?§§§£€{l as
| other important foods for the salmon. This means tirt the
éalmon(inrthe first place the humpback and silver salmon)
hibafnating in the blending zone are under adequately fa-
‘'vourable food conditions. ‘
As far as the second assumption.of Vedenskii 1is
concerned according to which it 1s possible that the
. growth rings are formed before the total growth stagnation
in winter, this is contradictory to the data of some other
authérs"(Milovidov&-uubroskaya,1937; Dvinin, 1952
Kitide,1952 (quoted according to Mlyaguchi 1957); these
data point out that the humpback salmon obtains the approxi-
mative measurements of- the one-year-pld salmon»already by |
November-Uecember, and that their scales have the number »

of "summer® sclerites which are characteristic of the.ong-‘




year 0ld salmonj; however, the scales have no growth rings,
and any marks of the retardation of the growth may be ob-
served. puring this time the.gréwth is either not intensive
enough as yet, or 1t‘has Just stopped. Evidently, at this
time there can not be any growth rings as yét.

This means, that the question about the formation
time of the groythhrings of the humpback sdlmon was approached
by Vedenskil with the conviction that the width of the
ring is too greét for winter, s'nce in his opinion the hun p-
back salmon do not grow in winter at all. Actually, this
width is too small to correspond with the winter growth of
the salmon, andAas"; 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,lgéé , 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 thelr scales, and in addltion to this two
of thnem had two sclerites each in the second year growth.

By this fact as it is noted by Ricker, our assumptioh
(Birman, 1960) is fully proven, that the growth rings of the

humpback salmon are formed not later than the middle of

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

lected during the paséage of the ship "AmeﬁhystV in the
Southern part of the Sea of Japan.

wWe have plannedrMe route of the ship "Amethyst" so

t




we could repeat the qatching 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 mainlquality charac=
teristics (length, welght, 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'spawniﬁg migration in April. nere we present

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

Tdble-2.

Change in the number'of sclerites in the growth of

scales during the second year of humpback salmon in the Ses

of Javan from February to April 1965

TaG6anua 2

HimenediMe 4YHCNa CKNEPHTOB B NPHPOCTE MCWIYH 3a BTYUPOH ron
y. ropSymu flnoHckoro MOPFI ¢ despaas no aupeas 1965 rona

/L‘(m:no CKACPHTOB B NPHPOCTE BTOPATO 1A \‘*If
B IPCAEJ . F0,108010 , "’m JAYIOEN TPpoCTe 4 Jlauna 1opOyns, cu
. P ) . b ROC VIO np
DNarta ‘7 ) Koavl thicao pa6 | .
{ v T -
npene.ins “-f > -npescan Lf
koaeGanun | cpeahce KoAeGanMit ‘l‘u"“ M Hneno pu6
~-1|’ll 1--3 e A -85 5, 5 A 34,5 70
=121 §ond 15 510 8.0 28 36,1 128
C10--14/1v - 0--3 1.5 7 14 10,3 27 38,2 202

.1 - data; 2 - number pf sclerites in the second year growth;

S R w1th1n the annuli 4 - variation limits;
5 - on averags° 6 - insambsequent ‘growth; 7 - number of
fish " : 8 =~ length of the salmon,cn.

~ As we may see from the data presented in ‘YWable 2.
between Kebruary Q-li the humpback smlmon already'had about

five new growth sclerites above the growth ring (Fig.2.).
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After a month (March 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 scdleslgrowthf for danuary,'we would ‘£ind -that the
ring was formed already in,Decembér, however»as.it has‘
been stated above, a growth ring has néver been observed
yet on a humpback salmon caught in December.

rhus, the scales of the humpback salmon érow fast
during almost the entire winter{ maybe not slower than during
summer); theilr growth rings do not form eithef'before cr
during.the>growihg period but after a short stagnation
which seems to occur at the end of becember.

kvidently, the'saﬁé applies'to the silver salmon,
00} although we do not have any such detailed data for
this fish.  On some silver salmon caught further south
trom the Aleuthn Ridge in April 1959, up to 11-12 wide sum-

mer sclerites were counted in the second sea-year growth

.above'tnefgrbwth ring. the silver salmon migrate further
\$outn; paés.' the 5° isothéfm, and it may be assumed that
| tnei: food supply,is»not worse thah that of the_hgmpbabk
'Salmon; Thelr growth stagnation is as bfﬁef

‘a & that of the humpback salmon.

':> Neverthéléss,'tne tima of growth renewal at the
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wintering "area does not only depend on the specific ex-
ternal conditions. The winter range of othér species
(especially tBat of the Keta salmon) coincide partly with
the winte rA range of the humbback salmon and silver
salmon (Birman, 1960 b.); nevertheless, the annular rings
form at different 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
aftér their migration to the place where they overwinter.
As far as the reasoh for growth retardation is con-

‘cerned, it seems 1o be propable that this is connected

- with the expenaiture of food energy for other processes,

for example, on the 1ntensification of fat storage

before the onset of Vvirxtex'; '+*he considerastion of_this

question is beyond the scope of this paper.

Jime of formation of annuli and asce

The time of ending the grbwth stagnation in winter
and the formation of annuli in salmon, _és.well as in other
fish (Chugunova,1959), is connected with their age. However,
‘when discussing ﬁhe'migrating salmon, the majority of which
spend a significanﬁ part of their life cyéle in fresh water,
we have tb-clarify whether the formation time of the groith

Ting in.the sea depends on the number of years spent in sea.
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P It is quite‘possible that the formation tiﬁe 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 flsh caught in the sprlng of 1959 in the region

South from the Aleutian ridge.

Redbaek salmon . On the majority of the

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

5
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fresh water and two years in the sea (42¢), the scales were

i

finished were: the corresponding number of growth fings and,
:over these winh 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 peribd in fresh water and three years in the sea

(52+), on the average had 3;5_sclerites-
in the next (siith) year gnowth over the growth ring;
however a portion of the fish did not yet have this for-
matbon, and ene'fish wes 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 forn_exaetly at the same time. 'he 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-yeer;old fish caught_already~nad the next growth ring
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of the specimens. fhis means that there is a significant

12

in the second half of April, and in addition to this more
than the half of the fish.hgd'z-s "summer™ sclerites in the
fourth year g:owthl At the same time the majority of the
four-yearéold fish did not have the next growth ring, where-
as on those which nad 1t not eﬁen the slightest mark of further
growing -was observed. In the firsthalf,of I>»ﬂ'ety-zaleos*(:' every
threoayear-old fiéh élready had the new growth ring, but
among the four-year-old fish it was present in only & little more
than half
difrerence in the formation times of the growth ring be-
tWeen the three-year-old and the four-year-old Yeta sal-
mon. lhe third growth'ring is formed mostly at the begin-
ning of April, and on some of the fish,Obviously even in
March, whereas the fourth ring 1is rormed 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 doeé‘not ﬁgve the next growth ring; this fish may |
be erroneéusly considered'Salmon"in their fourth year
(3+) if we do not take note of the large number of sclerites
which 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 tnird growth ring on the Keta salmon is formed at

~about April 12 and the fourtih ring at about April 25, i1.e.,

‘ éignificantly eaflier than it follows from our data; but




13

this way or anvother, 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 wasg

cought in April 1959

TaGawua 3 _

XapaKkTepHCTHKA yewlys ‘lCTprEXI‘()IIOBdJIOM KPacHoit ¢ apyms npecuoarnuuuu
FOLaMH, nofiManuoi 8 anpeac 1959 roaa £

KONbIOM _ (3K3.) | . ' Cpeanee uncno, .o
— | Odutee unedo lekAvpuTos b ipupocre
l L ROCACANTG- \ pG (3Ky.) 340G roda, cnepx .

] C - MCTHEPTHM  TOLOBIM

bes yeTaep-
1o (sTopo- |
o MODCKOIo)

FOROBOFG (U3 HOCheRYHo-
KOALUa i HEero npupocTa

— . 1 13 : 14 3,6

l:l_ll\( upki- TOCBOIO  KoJLLA
POCTOM .

1 - without the fourth (in the sea the second) growth ring;
2 - having the fourth growth ring ( specimens ); 3 - without
next year's growth; 4 - with next year's growth; 5 - total
nunber of fishes (. %peCLmens) - average number of scleri-

-tes in the fifth year growth above the growth ring.

a . o Table 4.

Characteristics of scales on .the five-year-old redback

gglmoh which has spent two years in fres water and was

cought in April 1959,

Tao.nnua' 4

Xapaxrcpuc‘m (@ Yeulyd MSITHIOA0B210M KPACHON ¢ ABYMS NPECHORORHBLIMH
TORaME, NOHManHON B anpeae 1959 roja

bBea nsioro © U AHTWM (TPETLHM MOPCKHM) .
{tpeTbero | TOROBBIM  KOALUOM {3113} o Cpeanee vncno
. MOPCROIUI - T Otuee uncno CRJACPHTOR B 1pi- -
FOAOHOTO KQAb- .| 0C3 HOCICAYIO- v HOCHRAN 1O l_)hlﬁ {7K3.) POCTe 6 o roAa.
et (ka.) - vlero  ppnpocia WA npie- IBCPX TOAOHOLI) KOALLA "
PUCTOM . . R
9 . . -
! - S 7 . 3.5

l- without the fiftn(in the sea the third) growth ring,
specimens; 2 - having the fifth (in the sea the third)
growth ring, specimens; 3 - “without next year's growth;
4 - with next year's growth 5 - total number of fishes,
SPecimens 3. ® - average number of thé sclerites in the

sixth year: growth above the growth ring.:v
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‘'able 5,

B U T SV

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

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

Tatanna 5

)mpamepucnma ueunu Tpexr(mommou KeTh, noiimaunoli B anpeae—-mac 1959 ropa
0K Hee \my1cn\ou rpaAK

i C .TPeTbHM rOAOHLIM

ObGuee

| 1
!
. . I bea Tpetuero Ko:ibilom®
Hara La s - | ORI Gog nocae- | e nocaenyio- MHCAO PBEG
ROILI Aylowero maM npn- (3x3.)
________ npipocTa pocTon '
15—=50/TV T, 14 16 34 : 64
&t 219 25,0 3.1 100
3--12{V m'g i) 33 63 101
) L] |

1.9 32,7 62,4 100,0

L - data; 2 measuring units; 3 - without the third growth
Ting; 4 - with the third growth ring; 5 - without next year's
growth; 6 - with next year's growth; 7 - total number of
fishes (specimens):; 8 - pisces. :

p Table 6.
i Characteristics of scales on the four-year-old keta salmon
%-_ caught farther south from the Alsutian Ridge in April-May
v . E ' '
: 1959
| . TacGnauuwa 6
' ) . Xapamepncruka qcmyn qcrupcanonanou KeThi, NOAMaHiOf B anpeae—mae 1909 roaa
I . oXiice ANCyTcKOR Fpaist
. T ¢ ¥eTBEPTLIM FOAOBBIM KONBUOM
: Be3 netneproro . , {3K3,) : . ch?,‘ci.g
Hata . TOAOUOTO KOALUA 1 q.y pocacnyio- € NOCAEAYIONHM . “(“3‘.’)
(o3 . '\moro npupocra NPHPOCTOM

' | ' T f. 3 14
‘ 103001V i - —
' ‘ A 2 14

s—2v-: 6 6

1 - data; 2 - witnout the fourth growth ring (specimens)
with the fourth growth ring (specxmenq), ~ without next
year's growth; 5 ~ with next year s growth- 6 - total
qumber of fishes (specimens). - .
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Thus, the younger tne fish, or (more precisely)
the shorter the tilme spent in the sea +tne earlier will
the growth rings form. YThis means, that on the fish which
has spent a shnorter period in the sea, the retardation of
the winter gréwth will be finished earliep, and it is pro-
bable tnét theiretardation period is shorter as_well.

 on February 26,1964, in the region of N. lat.
46016' and bf &, kong. 1740 the ship "Amethyst"has caught
S a 51+ old redback salmon, 38,5.cm'lohg and welghing 550_3.
There alreédv were five typical "summer" |
sclerites superimposed on the |

two marine annuli. Another speoimen of 4_+ age already had

2
fhree "summer" sclerites at this time. As we may see in
the case of these two fish their growth was remewed very
early. In any case, they were doing well in February,

apd it .is probable that. thelir last>grbwtn ring was formed
in JanuarygAi.e., only somewhat latér than.that.on the
numpback salmon. Consedqenfly,~in the case of the redback
~salmon whidn has spent dnly one year in tne>sea, it
,iS~POSSiﬁle‘ﬁhat the-growth ring woulda form ét an earlier
time, i;e.~at the same time as that of the humpback sal-
mon,  but not oﬁ all individuals. On the scale illustrated
in rig.3.,the gfthh,ring wés evidently fdfméd not earliér
than Eebruéry; All this megns .bnat the material.COlledﬁed

in 1964 brings a significant correction into our earlier
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concept concérning the time of annulus formation.
1lf we have stated earlier tnét the growth rings of the red-
back Salmon'are formed in spring, now we have to qualify tim%
in the first pléce.this is true only for the fish in the
older age categories. 1n some fish of the younger age
bracket, the 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 th@ same with as much conviction, &u the othei‘ hand,
if we take into account the size of ﬁhe'scale growth on

the two-year4old {(14+) keta salmon durlng the second summer

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

-are already formed dufing the winter months.iowever, on the
redback salmon which has spent exactly as ﬁnéh summer time

in the sea, tne.growtn ring is evidently formed (on an average)
earlier than on the keta salmon which- winters in the same
regiqn.iwhis means ‘that the redback salmon renews the

growth earlier. 1t is also possible that their winter growth

stagnation-is'shorter, provided of coﬁrse,.that it does

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

taking into consideration the good capability of the
‘redback sailmon to resist the cold, this is not very likely.

voncerning 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 groﬁth rings on

|
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the humpback and silver salmon, which are distin-~
guished by the shortest period in the sea. whis is

also true of'all.other saeimon. for example, on five speci-

mens of three-year-old Oncorhynéhus nasu wnicn have spent
one year in the sea (32+).and were cgughp in vhe Sea of
Japan on- February 11;1965,-tne growth_riﬁg was clearly
visible on the edgé of the scale (kig.5); whereas on the.
tish wnicn'nas.lived two or three yéars in the sea the
growth rings seldom form during the winter but most

frequently in Mey or June (Table 7.).

An Oncornlnchus.maaacaught on the high seas in

winter may be_aésumedtot34;fishwhich spent two years in
the sea, pro#ided that on its scale, in the zohe_represent—
ing the second year in the sea, it hes at least eight-
-nine “summer® scleriteé,'since the minimum number of
sclerites rormed in this zone in a year is e@ual to seven.
A fish which has lived only one year in the sea usually
was found to have nbﬁ more ﬁhan six solerites

in the second.year grOWth bvaarbh or.April that
| have ~spent two_or ﬁhreeiyears.in the Sealnuay not have
~the last growtn riné as yet, and for this reason when
swinming ﬁp‘ﬁhe rivers their age may be.understated'by
one jearr |

By the way, the assumption that the Oncorhynchus’

' masulma@ures onli in the third or fourth year of their
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lite cyecle (Navozov-Lavrov,1927 and others), is certainly

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

masy from Kamechatka also matures in the fifth year, but such
late maturity, according to the author, is peculiar to the

Oncorhynchus masu on the Northern boundary iine of their

habitat._ However, our observatidns-have shown that

these fish are also found in the Tumnin river, in the very
-center of their raﬁge, during their fifth year and at their
fourth-year of age, when the foﬁrth annulus had not |
yet been able to form. ln. addition to this, as it is pre-
sented in wable 7., there are older flSh 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 eariy~ma-
turing as it used to be assuméd. o

Table 7.

Age and scale characteristics of the Oncorhynchus masu

rrom the Tumnin river, June 19 30, 1959

: Ta6auua 7
- -XapaxrepHcTHKa Bo3pacTa u.-«emyn CHMB H3 P. Tymum 19--39 HIOHR 1959 roaa
4 6 YHCAO0 CKACPHTON
Uneio NeT, 5‘:: :’:,2;;6 Hnicnr%)xl::u: :ﬁs;ﬁu B mmo:ce) .
.pomrrux' . * Bospacr | HEro rofo-. s - c . .
- .. Mope . K:;;:ﬁa nocar «ONIOCOM» oT Ao cpeauce .
: 3(31) — 1 . —_ —_ . _2
2 - 4(4,) 1 4 10 2—6
’ ‘ . 5(53) — 2 — — -
Cymma - 1 7 10 _
3 . ) - .
5(5q) 3 6 1 — ‘l .
6(6s) . — .2 s — 3
CymmMma 3 8 ) 2

1l - 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. ' .

M
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From all.the above consideration it follows that
the explanation concerning'the earl& growth ring formation
of the humpbaqk and silver salmon is that this ring is
Jjust the first one. lhe second growth ring‘sometimés found
on humpback gnd‘silver selmon is probably formed later
in the year than the first one. 1his assumption may be
evidently extendéd also to the formation‘of the gréwth ring
in fresh water to the case of humpback and silver salmon,
‘as well as tO‘fhe other species staying for a lqhger period

in fresh water.

‘‘he growth rings and the périodicity.of the growth

Thus, with - age, énd, acddrding tblthe general
fetardation of linear growth, the growth renewal after
the winter stagnation will be more and more delayed, or it
will broceéd at an ever decreaéing rete. In a given age
- category the slower the growth of a gi#en speciles which has
spént a»definite'nUmber of years in the sea  the later will
be thé fdrhatiqn of»the'growth rings. 1t follows from this
that théfyéarly scale gfowth, which for the majority of
salﬁén is'a‘decreaéing‘value with age, characterizes not
only the retardation, but also the constantly later oc-
curring growth after'Qihtér.stagnaﬁion.‘From the second
year of its life spentbin'fhe éea, the younger the fish, the.

rélatively‘greater will be the pdrtion 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 aiso without any doubt that. for all these

salmon the first yéarimarine growth corresponds to a shorter -

time period %hén the second. Assuming, for example, that

the great majority of the keta salmoh_descend into the

sea 1n June, and that thelr growth stagnation begins in

December, then the first year marine growth will be formed over

5 or 6 months, whereas the second over 9-10C months, taklng
into accouﬁt that the growth renews at about Mardh andé
becomes retarded again in November or December. it 1s no
wonder that, with regard to the keta éalmon, the second
year's growth 1s sometimes almost equai to the first year's
growth,

| on some other salmon species ("Kamchatka
"trout," king salmon) not only the second, but also

the other subsequent yearly marine growth of the scale

afe equal, or almost equal to the first year growth. ‘1hls
‘is easy fb'explain_ when we teke into account the late
”deséenﬂ éf these salmon into the sea and the possibidity

- of an early growth renewal 'In the second and third year
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of their life cyclé in the sea.

It should bé noted that when ﬂetermihing the longi-
tudinal growth of the fish by the back counting method, we
usually exaggerate the length of the one—yeaf old rish and
underspate thq length 6f the two year-old fish on the
assumptiop that the growth ring signifies a finished year,
whereas it denotes the beginning of a new one. It is evident
that we must carry out the back coﬁnting in the same
way in the future in order to allow
’ ~compariéon with the data of past years, however we have

to find gome other designation for the age categories.

+f we have designated by.l+, 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 should also
mark those fish which only ha&e an annulus on the
scale,‘this in itself is a new growth. 

| Finally, wefshould note the roilowing.- Since the
annulus marks.the beginning of ﬁew growth, it is
evident that thése(would not appear"aﬁ all if the
-growth was:continuous. The'fbrﬁétion of the growth ripg

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

der to clarify the period bﬁ the stagnation, it is neces-
sary to-détermine when the growth was stopped, however, this
tx is impbssiblé to say 6n_the basis of the scales. ‘Lhe
~scales give only_thé poséibility to stéte approxiﬁately

when the growth was renewed.

J
4.
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On the otﬁer hana, when comparing the different age‘
categories and the different spepies of salmon with each
other, this is quité enough for our purpose. Without ahy
doubt the winter . stagnation of growth of the older fish,
Since the growth ringvon these forﬁs latei, is of longer
duration that that on the young fish, even wheﬁ 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). Uomparihg-the
different salmon species with each other, then, since the
fifst growth ring of the humpback salmon and silver salmon
in the sea 'are fmrmed_eaflier than that of the other spe-
cies, it may be stﬁted that their growth stagnation period
is ot shorter duration. wenerally speaking, the younger
the fish and the faster it matures, evidently the shorter

will be its growth rvetardation in winter.

neasons for the differences in the legibility and width

of the growth rings

As it is known, the legibility.of the growth ring'

on the scales of the Pacific salmdn varies. in some cases

~ the ring consists of one, two or more narrow sclerites

differingASharply in their width from that of the previous

and subse'quent ring, whereas in other cases the contraction

“of the sclerites is hardly noticeable and the limits of
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the growth rings are difticult to distinguish. wo clarify
all these reasons, we.have to note the following.

rhe illegibility, or the total absence or the growth
rings may be most frequently observed on the hwmpback
salmon and on the silver salmon, i.e;, on salmon which
grow more in_winter‘tnén oﬁher chieé. Ubhcerning the bad
legibilivy of the grdwtn rings on the humpbéck salmon,
vedenskil (1954) hés already noted it at that time.

The illegibility of the growth fing in sea 1s less
frequent on the rédback salmon,  and oniy exceptionally
on ﬁhe 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
numeromns shdalé of fedpaék saluon (e.g. in the Dal'nee
and Elizhnee Lakes 1n‘Kamchatka. |

In the dase_of the redback salmon, most frequently,

the first grqwth‘ring in the sea used to be unclear. In

this respect ﬁnere is an undoubted similarity with the
humpba ck salmon and silver salmon having only one ring. 1t

| may be stated that‘the illegibility .of the ring on the

redback salmon occurs most frequently when their growing
is the fastest. |

To summarise, the iilegibility of the'gfbwth rings

-may'be the most frequently observed on;the young fast:

"grbwihg‘fish, in the first place on those species which
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also grow well in winter. Probably tne ring indicates
either that the total growth stagnation did not set in
at all, or that it was shbrt'énd was followed by a very
intensive growﬁh renewal. it may be séid espécially
about the redback salmon in the Dal'nee and Blizhnee

Lakss, that the starting rate or the growth renewal 1s

higher than in the individuals of other shoals.. rowever,
5 ‘ it ls also possible that these winter in warmer waters.
As a rule, the first growth ring on the rédback
salmon is wider and consists of more sclerites than the

f o othersl The same may be said about the keta salmon: with

age the width of the - annuli and ﬁhe number of the
sclerites in them will continously decrease (Tabie 8.).
As a rule, the first growth ring is the widest on the keta

salmon.

The explanation for all these is that the growth

5; - renewal and the fbrmationiof the growth ring tekes place

| earlier on the younger fiéh than on the olaer, and gt

i | o . lower temperatufes, theiefore, at a lower.starting rate.

"If this is true, then eyidently the more sélerites there are

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

métion. On the basis of data in Table 8, 1t may be
assumed iﬁat the growth rénewél of the Amur-and Hokkaido
'ketg salﬁon in their second and third year starts some-
_what later than inithe keta salmon in the rivers of
‘Kamchatke and Northern Okhotek. |
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‘‘able 8,

Number of sclerites in'the &nnuli and in the ™suumer" zones of growth _
Ta6anua 8

Yncao CKJAEPHTOB B TONOBHX KOJBLUAX H B «JIETHHX» 30HaX POCTa KeTH

it roa © 24t roa ‘ © 3B rom- 4-ft ‘ToR-
i CKAEPHTS! ’ CKAEPHTH CKNEPHRTH o : : s
Paftont Fox Boa- <neTHHX» B rOA0BOM <NEeTHHX> B TOL0BOM <JIeTHHX> P rOZOBOM - €NETHHX? Cpoxs cGopa
R | pact CKACDHTOB KoAbLE CKACPHTOB Konblie CKAEPUTOB - KONbLE CKAEPHTOB wemys
! : ! ) .
| M uT — 10 M or—mo} M lor—aio M Io'r —a0] M }or —no| M~ !or — a0l M ot —nof -

3a1. Kopba 1963 34 190 15-23 55 4—7 14 10—I8 37 2—6 1l- 8—15 26 2—5 64 4—10 25/VII—12/Vill

P. Kamuarxa 1963 3+ 185 15-22 61 4—7 144 S-18 38 27 14 7—16 29 26 66 4—I0 ISVI—I9VHE [ . -
P. Boabusan o633+ 184 17-24 53 A—7 153 10-21 36 3—5 106 7—15 31 2-6 7.8 3—12 2VI—IOVIL <
P, Tumura 1963 3+ 187 17—22 54 4—7 152 1120 33 2-5 117 814 26 2—4 59 3—I0 VI T
P Oua 1963 34¢ 174 D23 51 3—7 141 9-17 34 25 99  6—15.. 27 2—4 70 3—il 7—9NVIIl
P.Slua 1963 3+ 182 -2 5o 4—7 i51 819 35 2-6 102 7—i4 31 -5 71 5—il VI
P. Tayii 1963 34 104 17-2 53 3-7 150 10—19 40 26 104 7-13 30 2-5 77 - VI
P. Awyp : . . . , . :
(reTiasxera) 1963 3+ 226 19-27 49 3—7 144 10-20 34 2-6° 107 7-15 30 2-5 53 2-8 29VIl
"~ P. Amyp ‘ oo ‘ : R

(ccemnaskera) 1963 3+ 209 18-25 48 3—7 150 11—19 29 2-5 103 6—I5 31 2—6 91 3—I3 7IX
P. A6acupu* ' ' ‘

(XoxKaii10) 1950 3+ 9292 . 25—33 34 25 136 9—17 26  2—4 .97 5—13 22 24 92 2-13 X
P. Cubeuy , L “ - o . o
(Xoxkanzo) 1959 38+ 27,7 23—-32 40 3-6 156 10-19 24 2—4 11,6 916 24 . 2—4 69 3--1I2 X L -y
. - . : 1
* CGopn eIy KOTB HZ PCh XUKKai1o sante 13 “satepnanos Cosetcko-SINOHCKOR PLIGOIOBIOR KOMHCCHH.

1l - region; 2 - year; 3 - age; 4 - first year; 5 - second year; 6 - third year; 7 - f@¥rth
year; 8 - "summer® sclerites; 9 - sclerites in the growth ring; 10 data of the sollection of
the scales; ll - from-to; 12 - Korfa-say; 13 - Kamchatka river; 14 - Bol'stiya river;. 15 -
Gizhige river; 16 - Ole river; 1¥ - Yame river; 18 - Taui river; 19 - Amur river, (summer kez
ta; 20.-Amur river (autumn keta); 21 ~ Abasiri river . (Hokkeido); 22 - Sibetsu rjver
(Hokkaido); 23 - Date concerning the collection of scales from the rivers in Hoik O were
taken from the material of the Soviet-Japanese Fishery Commission. o
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Supplementary rings

As it is known, in additvion to the typical growth

rings, other rings which consisv of connected sclerites

ocecur on the scales of the Pacific salmon. 'ihe form of these

resemble that of the growth ring; however, these are
ﬁsually hot so clearly défiﬁed. in the cése of keta and
humpback salmon these rings may be most Frequently obser-
ved in the'fegién‘of the first growﬁh ring. As far as
the other salmon_&ré doncerned, the supplementary rings
océur seldom on thése, and these are uéually located Jjust
after the “freshwater“ "zeme ..~ , and restricted to two
or three sea-type sclerites. For these reaSon.those are
less'noticable an-té.the best of our knowledge, no atten--
tion was ever paid to them . |

The occufaﬁqe.of the sup?lementary rings fre-
quently gives rise'tb unceftainty~in correct age determi-
nation;»thus, the clarification ofttheir character is un-
@oubtédly of significant»intérest.. |

Keta salmn o'n . rhe supplementary rings in
thé kernel of the scales-ofvthe keta salmon, sometimes
‘called “estuéry‘ rings,:are known to tnose who are engaged
tﬁe studyuof.tne age»ofvthis salmdn; howsver, the sffuc-
ture and the origin was not taken intb‘specific'coﬁsidera-
tion as yet. |

We have stéted (Birman,1958) that there are a

in
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great numbef of fish in the keta shoals in the Kamchat-
ka river and Penzhﬁnéki Bay which have these supplemen-
tary rings, whereas the keta shoals in the Bol'shaya
river do not héve these. lhe data relating to-other years
indicate, however, ﬁnat such rings may be also found on
the keta salmon in the Bol‘shayaAriver although seldom
(Table 9.). This means, that we ﬁay speak about the -
frequencylbfcmcﬁrrence of fish having " éstuary" rings
in the kernél of their scales as & distinguishing mark 6f
some shoals. |

‘the material.at hand substatiates the high fre-

quency of Qccurrence of this ring on Keta salmon in a
number of.othef rivers, for example in theVyvenka, .
Anadyr', Ola, wvaui, also iﬁ some other rivers.

the general st£u0tural pebuliarity of these rings

concerns the followings: while the sclerite in the zzone

of the rings is sometimes of the same. width as the sub-
- sequent “summer"_scléfités"of the first-year zone, never-
:thelgss these are méétly'narréwer, indicating different growth
i conditions. In some cases the width of the sclerites

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

thls 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 simllar  to the growth ring; in other
cases, the width of all the sclerites in the "“estuary"
zone is about the same and these are not separated from

the other and wider sclerites of' the t'irst year zone.,

1Table 9.

The relaﬁive;guantity of fish in different keta salmon

shoals having "fresh water" and “estuary“ rings on the scales

Tabauwua 9
OTHOCHTENbHOE xonuqecmo pH6 c peyHLIM H €3CTyapHBIM» KOALUOM Ha -leulye
B_PajNHYHBIX CTANAX KeTH

PuLIG ’ Yneao ckaepHros
) . ¢ peu- Pw6 B «3CTYapHOR»
Heeaeno- | un | © ¢acTyap- 30He
- Boaoem . Toxn CpokH cGopa- BaNo KONb- HLIM»
put6 11OM, KOJBUOM, | j1henenbt
% % KoaeGauuit [ Cpeanee
3an. Kopda 1963 VI--VIll 101 49 703 o—15 - 11,0
P. Kamuarka 1945 VIil 44 100 22,8 —
» 1947 VII—-VIII 85 52,9 59,3 — —_
» . 1956 VIIT . 94 ? 33,0 — —
» 1963 VII 67 71,0 26,8 ' 8—16 I1.8
) » _ 1964 - VII=VIN 321 24,6 24,0 7—I16 10,4
P. Boasuas 1940 > 46 4.3 109  7—15 1,6
» 1955 VI --VIII 100 0,0 0,0 — —
» 1963 . VII-VIII 394 2.8 3,0 7—12 9,1
» 1964 VII---VI1II 305 2,3 8.5 7—15 1,0 -
« P. Tuxura 1963 VIl 100 0.0 54,0 6—15 9,6
P. ITenxuna . 1931 . ? 33 0,0 66,6 ,
P. Ona ’ 1963 VI . 50 0,0. 12,0 6—14 11,3
P. 0,0 8,6

sima 1963 VIl 19 42,0 8—10

l - basin. 2 - year; 3 - data of collection' 4 - number

of the investigated fish; & - 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 - Yema river.

‘'he number of sclerites in the "estuary" zone
varies geherally from 5-t0- 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
ringvand couid be taken for a growth ring; however, the
following two circumstances should be taken into account;
1/ The number of selerites in the first year zone
on the écaleé of the keta salmbn is of_sufficiently cons
stant value; aven.tné”various keta shoals do not differ
fme.gach other in this aspect. (Table 8.) The number of
- sclerites 1s generally much higher-than in the "estuary"
zone. For.éxahple, in the case of keta salmon from the
‘Kemchatka :iver,‘the average number of the sclerites in

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

of years, varieé between 25-27; at the same time there
are only 10-12 sdlerites in the "estuary" zone bf the
.keta salmon. _
- 2/ raking into account that the "gstuary" ring
frequently involves a maximum'of"é-V ?summer" sclerites
" (Figures 6;7,8), énd.ﬁhat the growth ring indicates the
renewal of growth, as 1t has beeh>stated above, therefore
it does not belong to the previous but to the subsequent
(next) year zone, so by takihg the "estuary" rings for

growth rings we would have assumed the possibility of

only a 5-10_cm growth per year for the significant ma-
“jority of the fish, whereas other fish will reach 25-30
om length in one year.'Of course,cases of such a weak

growth are'theofetiéally possible, but these do not oceur ona




30

mass scale. Ih addition to.this; the survival of such
fish hardly ven be considerable.

‘he question conderning the formatioh.time of the
"estuary" ring.ié not clarified until the present time,
since we had nb informapion about the places where the
young fish_ live during the first months.No&, however, we
have already some data congerning this question.

| During the passage of the ship "Amethyst" in the
Sea of Okhotsk in the region of the station N.lat. of
53?10', E. long. of 1450 53', on September 21, 1964,
eighteen keta salmon of 15-19 em length from that year's : Zgﬁ
brood were caught with & fine-mesh net (mesh size: 22 mm
from knot to knot) set overnight. At least four of
-thesefﬂﬂlhad clearly noticeable_"estuéry" riﬁgs in their
'écales involving from 9 té 13 sclerites in ihe core zone.

N ln one case these sclerites were of the same width as

the subSeqﬁqnt ones, whereas in.the other cases these
were significantly narrower (Figures 9,10,11). The size
'R o of.the young fish COrfesponding to these rings, according
'to thé dsta of backcounting would be 10,3,11,6, 12,2 and
13,2 om. o |

* At the back counting we have assumed that the scales -
will be formed on young fish of 3,5-4 cm length.
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Thé young fish evidently cou;d not»reech-this
length in the river, consequently, this zone could not be
a "fresh water® zone but an “estuary" zone.

'he proximity . of this fishing |
ground t.0 Sakhalin Bay gives rise to the assumption
that thesepbriginate 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 Juiy;August, since the other, clearly sea-type

eclerites ceuld not have formed in less than a mohth.

]f; - | R The-terhs ®"estuary zone" and "estuary ring" are,

‘ of course, very condltional. These may be applied to the
Amur-keta, but not acceptable for other shoals. For this
reason it would‘be better to call this zone a transient
see. zone (abb.MPZ), and the annulus which limits this zcne
a transient marine annulus (abb. MPK); in consideration that
these are formed in the coastal waters under circum-
stances differing significently from those where the
subsequent growth takes place.

’ Naturally, the existing aifferences between
.the»river.and the high sea (or if expressed in time:
,fremeepring te-summer);.under<the condition of not omne
but two or more.sufficiently abrupt differences in

water temperature and satinity, may be correspondingly
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result in the formétion of nbt only one transient zone
on the scales.

''he percentage ratio of fish having ?estuéry"
rings on thelr scales is variable tor every keta shoal
from year to yéar (Table 9.). ‘'his is quite natural,
since the environmentel conditions are chénging as well.

However, iﬁ the anaiysis of these yesar to year
variations and in the cpmparison of the shoals from the
different rivers with each other, the time of materlal
collection-should.be taken into account, considering thét
the rélative 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 lO

Relative quantity of fish with "estuary" and “fresh

Water" zones on thelr scales during the run of

keta salmon in the Kamchatka river (1964)

Ta6anuwa 10
-OTMOCHTEIBHOE KOAHNECTBO PHl ¢ «3CTyapHOA» H pedHoil 30HORM

| Wa uellye HA NMPOTSXKEHHH Xola KeTw B p. Kamuatky (1964 r.)

- Pri6 ¢ «3CTyapitofi Pui6
Jara. 3oHoft, O b;outc)i\pe‘l','l,l.on 'n?cgglf)ixﬁ
29/V] ' 69,2 103 39
6/VII 52.8 583 - - 36

1I3vVir - 103 82,7 - 58

l - data- 2 - fish havin "estuary“ zone,%; 3 - fish ha-

ving "r:eah water“ zone,%; 4 - the total quantity of the

-£ish.

‘The following curilous peculiarity has been cla=-

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

'keta fry into the sea_is sufficiently extended and
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obviously depeﬁds rot so much on the natching time. of
the fry from the eggs aé on their numbér, on the hydro-
loglbcal conditions and on the féod 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 nave migratéd sarlier 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 scaies on themgwhéreas the otners without scales; -

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

which cénsist of some.(usually 5-6) small, fresh water
fA. | . sclerites is well visible, whereas on the others 1t is
nov.
| 1he number of the fish having the "fresh water®

} ;_ oo - zome also varies during the season. lt was established
".- » | T that the number of the fish with "estuéry" zone decreases
from'tne beginning to the end of the run, whereas the
nUmbér of fish with "fresh water® zbne increases (Table 10.).
In oﬁher worés, the "éétuary" zone may be more frequently
observedvoh the fish which has arrived first, whereas the

%

5“fresh water ® zone on the fish which has arrived last*.

- , -~ Tnig shows that the "estuary" ring

»

‘ The result is that the fish descending later into
Athe sea will also ascend later to spawn.
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is most freduent én the fish which descended early fronm
the river. now to explain this? It seems to me that the
only explanation is that the fry which descend

sarly arrive ih the sea at a fairly low teméarature,
weakly developed plankton and in conditions of consi-
aerable freshening of the water along the coastline due
to the melting of snow andAthe spring fiood of the rivers.
This is evidently the main reason forithe formation of
the "“estuary" ring.

From all the above consideration it may be conclu-
ded that at the same eiternal conditions thue quantity va-
riation of the fish OVef the year, i.e., fish having an
"astuary® ring, depends on the time of descent of tne young
fry. in years of earlier descent the relative quantity
of fish with “eétuary" ring should increase.

Evidently, this 1s also the reason, as well as the
hydroiogical conditions of tune sea-water along the coast
line, that the occurrence of fish 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 when the young
fish lives in bays, inlets, and firths whsre the influence

of the ffesh water is stronger tnan in the high sea.
Possibiy this 1s the expanation ror the high occurence

of fish with the "estuary" zone in‘ﬁﬁé'rivers of the East
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coast of Kamcnatka (very broken terrain), and tor the
low occurence on the West coast.in the regiron of the
Bol'saya river. |

Einaliy, 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 not have it and
sometimes it is even bigger (Table 11). 'ihis means, that
the young fish néving 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 fo; feedin~ and growth, i.e., when
the water is already warmer and tne planktbn for food is
better developed. |

Naturally.i¥ is also possible to assume that in the
case of an early descent not the 1ish themselves will
develop but only thelr scales; but in that case the fish
which has descended earller snould be significantly bigger
than tnat which descended later. whis, however, was not
observed by us.

Humpback salmon . the occurrence

"of the supplementary ring of connected scierites in the

core part of the scale of the humpback salmon was noted at
first by Gilbert in 1914. Pravdin called it a fry ring-

in the assumption that 1t was formed while in the river.

/28
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Table 11.

Length of this year's brood keta salmon with and

without "estuary® zone { according to the data of back-

counting; collection 1963).

. TaGauua Il

HAaHua rooBHKOB KETHL C «3CTyapiiol» 30HOI Ha yewye H 6e3 nee

. (no gaunstst oGparuoro pacuyicachis, cbopsi 1963 r.)
G «ycrvaproits oMo Bel «3cTvapuoil» 30uum
Bitocw npeactn uieao npeiennt QHCAO - .

KoeGanuil, cu (perunee K3, KO1e6a i, (.ul Cpeauce K.
P KaMuatka 20.8--293 . 25,2 32 20,7—30.6 249 34
3a1 Kopga 22.5—32,4 26,2 22 19,7--29,6 24,1 14

l- basin. 8 - with "estuasry® zone; 3 - without "estuary"
zone; 4 - variation limits, cm; 5 ~ on average; 6 ~ num-
ber of specimens:; 7 - Kamchatka river:; 8 - Korfa-pcy.

gowever, it was later established that the 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 Milcovidoyy -
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

23

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'ouf that the river ending in a bay or inlet is
not an indispensable condition for tne forming of the
v fry"* rings.

Frrom Milovidova-Dubrovskaya and Navozov-Lavrov
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point of view the mouth of the Amur river with its

high fresh water content ﬁas to be considered, without
any aoubt, as the ideal basin for the rorming of the -
®fry® ring; nevertheless this ring is not so often found
bn the ugmpback salmon in the Amur river.

According to Enyutina (Table 12.) the relative
quantity or the fish haeving"fry® rings in the Amgun' ri-
ver has varied over_different years (1955-1960) between
? 0 and 19% and on an average it is only 6,1%, while the
‘ quéntity of such fish in the My river which flows di-

5 _ ' " rectly into the Southweste rn part of the Amur estuary,

: on an average was not hisgher tran 8% over the same years.
5 Milovidova-Dubrovskaya did not observe any fish
having "fry" ring among the humpback salmon in the Tumnin
river flowing into the Datta 'Bay, and accoruing to the da-
ta of A.S. Nikolaev in 1962 these totaled only &%.

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

; times is high enough in some of the rivers of Vest

Kamchatka flo wing directly into the sea. in the Kikhchik

river, for example in 1954 according to the data of
Semko, their ratio was 48% of the entire shoal, and in the
Icha river in 1989 (according to our determination) 23,7%

all of the fish (Table 12.).

This means, that the conditions for the formation of the
. ' wPry® ring are present in the bays, inlets, and estuaries

of the rivers as well as in the bben coastal reglons.

v
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‘lable 12.

Occurenca of the humpback salmon with "fry" ring in

various regions of the Far past.

TaGauixa 12

BerpeuaeMocTh TOPOYWH ¢ «MajibKOBBM» KOJABUOM B pasHbix padoHax [lasbHero Bocroké
A
- % 7
Tpevae- ]
/ 2 5 B Bcugcn? Heeaeno-
- Peka ABTop Toa, R ;ﬁ'g
KOJIbIA», (sx3.)
o b . Munrywn, 1959 1953 154 26
é)‘ P. CuGeuyraBa (Xoxkamnno) 1954 91,0 83
_ 1955 166 8
Tp. Tymunu  (Ipumopse) [TA. C. Hukonaen* 1962 8,0 100
% P. Avryns (Amypckuit Gacceitn) 'Ig, P. M. Entotina, 1962 1953 19,2 151
> - ) : » ) 1954 3.3 122
» » ‘1956 11,1 45
» » 1958 0 128
» » 1959 55 108
> » : 1960 2,7 226
gBan'anHaﬁ Kamuatka ‘
°p. Hua 19 Cosers, onpenenerust 1929 23,7 144
-\ P. Kuxunx : q\) P. C. Cemxo, 1939 1934 48,0 100
x4 P. Bonbuias » 1935 0,0 100
s » » » 1936 100,0 101
» 2\ U. B. Bupmau, 1958 1955 00 - 100
» f’[ A. C. Hukonaep* 1960 00 100
» » 1961 1,0 100
. » » 1962 6,0 100
b VY _ ‘ -
"Bocrtouunan Kamuarka
frTuxuit okeau B paione Kamvar- [[l 1. . Bupaan, 1958 1935 63,0 81
CKOFO 3alliBa
ls3aﬂ. Kopda 1T A. C. Hukonaen* 1962 59,0 100
» : l > : 1963 41,0 149

* @ounu KoTUHPO.. 2 %

1 - river; 2 - author; 3 - year; 4 - accurence of the
tfry" ring,%; 5 - total number of the exemined fish
(specimensS, 6 - Sibetsugava (Hokkaido) ; 7 - Tumnin
river (Coastal region); 8- Amgun' river zAmur-basin);
9 - West Kamchatka; 10 - Icha river; 1l - Kikhchik ri-
ver; 12 - Bol'shaya river; 13 - East Kamchatka; 14 -
‘Pacific Ocean in the region of the Kamchatka Bay; 15 -
Korfe Bay; 16 - K. Miyaguchi,; 17 - A.S. Nikolaev;

18 - R.I. Enyutina; 19 - own determination; 20 - R.S.
Semko: 28l - 1.B., Birman; 22 - KoTINRO stock.,

It is important to note that tne ring on all the

fish of a given generation was ne#er 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 this is that the condi-
tions arfecting the formaﬁion of the "fry" ring are tem-
porary and only a portion of the descending young fish
are aifected by them.

As it is known, some of the authors (Vedenskii,1954;
Lapin. 1963, 1964) assume that tiese rings are growth
rings. Fish haviné these are assumed by Lapin to be in
the third year (2+), whereas according to Vedenskii they 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 1n 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 éalmon
begins as early as in the winter. 1n view of this,
Vedenskil'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. Lepin has
assumed that the éxplanation for ﬁhis.is a late descent
of the fish. fhe character of t.ls 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
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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 ratardipg the growth
may be the high-fresh water content of the coastal wa-
tersv 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 canndt
accept the assumption of Lapin.

As we have seen, the "estuary" ring on the keta
salmon is the consequénce of an early descent. ''he si-
milarity of the "estuary" rings on the keta salmon to the
#fpy' ring of the humpback salmon is undoubted. As far
as the regioné are concerned, the occurence of these
rings 1s also sufficiently similar tfor both species.

For example, in the Kemchatka 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 bélng, these are rare enough
or even totally absent on both species (see Tables 9.
and‘lzf).

It is also important tonote: that thée 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. 't'he for-
mation of the "fry" rings on the humpback selmon 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 wili grow slower than the others.
At the beginning.of this period this is probably caused
by the insufficient warming up of the water and inad-~
equate development of the plankton, and in aadition, by
the longer existencevin the narrow coastal zone cooled
by the coastal drainsge which also increases the fresh
water content. in the bays and inlets the 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.
this will be evident when if & comparison is made between shoals
of keta and humpback salmon in Western and hkastern
Kamchatka. in one way or another, the early deséent
of the fish having on their scales "fry® rihg is un~
doubted, otherwise it would not be understandable
how these could reach the same (sometimes eﬁen bigger)
size than the other tish by winter, in spite of}tneir

longer growth stagnation.
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rable 13.

Booy sizes and the quantity of sclerites on tne scales

of numpback selmon, spawning in 1963, in the first year

of Life (according to knyutina, 1962)

Ta6banuna I3

Paamepu Tena H Kommuecr Ts}:nepuma Ha Yewrye y ropOyurs
nepccmlux noaxonos [963.Tona Ha- negmom oAy XH3iHu
(no I:HIOTHHOH J%‘/)

/ Moxasarean l 2 P. Hom B S Yy C 4 P Mu
- : 1+ L(1+) I4- Ul-) 14 1{I+)
J‘ HHeao 3K3eMNAAPOB 124 37 122 20 129 70
6 .mmé (AC), csu
KosreGanng 2243  24—39 22—35 - 20—38 19—38 2440
8cpenﬂee _ 30,4 30,1 27,0 26,7 29,1 289
C[ KoauuetTBo CKAEPHTOB | :
-1 KoJieGaHHA 14—26 16—25 15—23 17—22 15—256 16---25
¢ cpe,'mee 196 20,2 19,7 196 20,7 204

“TlpuMevanne I4 —vemys obuanoro THRa Ge3 20NOANITEALIONO KOJuia B SAep-
nofi yactu; ! (14) — vewys ¢ AONOJNHHTEALHGIM KOJBLLOM HJHt JOHOH CYXKEHHLIN CR.cPUTHB
8 f1epHOM HaCTH.

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

N ot 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 sélerites
in the kernel. !

It follows from all.the above considerations, that
at given'hydrological conditions 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 fikh 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\Seés. “aturally this factors vary from year
to year.

On the other hand, the time of descent and its
mass charactef during the season depénds on two main fac-
tors: the variation of the water level in the rivers
and on the abundance of the generation. Under the same hvdro-
ldgical conditlons the descent of the majority of young
fish will evidently be completed earlier when their
Aumbers are fewer But, the lower the population den-
sity of the young fish descending into the seﬁ, other
things being equal, the slower they will go away from
the coast in search of food. It follows, therefore, that
in &2 small humpback salmon generation in a
given river basin, as a rule fish having “fry“iring will
be found more frequeptly than in a numerous ge-
neration. Although Enyutina{ 1962 ),-on the basis of
studying the occurence of ,fry" 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

%ydrological conditions over the year. Lapin(1963) has

In this case the food supply of the young fish is
of no importance, since the salmon fry hardly feed at all.
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pointed out this type of connection wiﬁh regard to the
Amur humpback salmon as well, mainly on the basis of

the data supplied by Enyutina. As it was said already,
Lapin assumes that the "fry" rings are growth rings, and
that the fish which have these are in their third year
(2+). Lapin points out that there are mére such fish in
the not so numerous spawning shoals of the Amur hump-
back salﬁon (jqdd . years) than in the more numerous
ones (even years). Lapin is of the opinion that a por-
tion of the fiéh'from the foregoing abundant generatibn
are retarded in their maturity by one year. He tries to
explain the mechanism of alternating generations of the
hunmpback salmpn 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 oi poor

run may be explained : by the fact that these
are in the'gecond year and are individuals from the nu-
merically poof generation among which, due to the above
considerations, there should be a higher ratio.

While this paper was in print, Ivankov (1965)

‘published & paper in which he also deals with the ques-

tion concerning the nature of ihe "fry" ring. Ivankov,
like the present author, comnsiders 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 descended young fish should
be higher.than that of the fish descended iater; however,
this may be hardly the explanation for the higher occu- '
rance of_the fish with *"fry" ring in the not so numerous
generations. In the first place the not numerous humpback
generation, as a fule, originate from a ndbenumerous ge-
neration as well,‘seoondly, 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—qudbed data of Semko, among the humpback
salmon of West Kaﬁchatka there were large numbers of fish
with "fry" ring in 1934 and 1936, although during
these years.the number of the humpback salmon iﬁ 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.

Finally, 1t should be noted that the abserce of
any significant difference in the length of a particular

v

-year's brood humpback salmon with and without "fry" ring
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contradicté the point of view of Krykhtin and Smirnov
(1962), adcording to which the different sizes of that
particular year's brood in a genseration of approximately
‘equal numbersAmay be explained by the differences in the
time of descent. Obviously, an interval of one ortwo
weeks between the peaks of descent does‘nof play any
significant part. by the same analogy the size varia-
tion of the'partibular year's brocod in any given gene-
ration does not depend on the .ime 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
connected sclerites may be found; these rings méy be
easily confused with growth rings (Ffgures 12,13).
this ring is unusual on humpback salmon of an early run;
it may be observéd only at EPG end of July, August or
September, and its occureneg increases with time. This
ring should het be considered a growth ring. Before
the forming of a growth ring a stagnation in growth
should occur 4 but there is no stagnation in the growth
‘ot the humpback salmon during the summer months of their
second year of life. As 1t was already stated (Birman,
1960-a), only some retardatioﬁ of linear growth'may be

observed in comparison to that of the first yeaf, while
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the growth of the scales 1s somewhat retarded as well,
kvidently the connection of the sclerites 1s just the
end result of these and indicates a general slow-down
of the linear growth in the humpback salmon by the end
of the second year. iuring this period the total food
energy is taken up by the intensive weiéht increase
and by the vigorous meturing of the gonads.

In additioﬁ to thls 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 rormed in midwinter.
in the case of the keta salmon even the fourth and the
fifth growth ring are formed not later than May. 1t is
so much less probable that the second growth ring could
form only in July; this ring should appear not later
than April at least, and most probably even earlier.

Wegvertheless 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.

Swamary

1/ ihe growth rings on salmon are formed after
the winter stégnation of growth and characterize the
beginning of new growth. jhese rings do not delineate

the year zone of the scale growth but denote the be-

(\A)
RV
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ginning of the next one. in this relation the marking

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

ber or ifull years completed by a given inéividual Lthe
"plus" sign should be added even in that case when the
scales are bordered by ths growth ring, since this ring
itself already represents new growth.

2/ wthe growth rings on the numpback salmon and
silver salmon form not later than the first half of
January. pbefore this time thnere 1s a very short growth
stagnation. ‘he duration of the winter growth stagna-
tion and tihe time of growth renewal (formauioh of the
growth ring) of 6ther saimon 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 may; whereas the second growth ring
in the sea forms not later tnan iarch and on some fish
- even in January and February;

b/ the formation of the fourth growth ring of
the keta salﬁon most frequently takes place in May,
however,it may be delayed till June, whereas the third

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

¢/ whe formation of the growtn :ing in the sea
on the redback salmon of the one anc the same series
takes place, on an average, earlier tnan tnat of tne
keta salmon, i.e., the winter growth stagnation of the
redback-salmon 1s evidently shorter;

d/ the formation of the first growth ring in the

sea on the redback salmon , Kepa salnon, Oncofhynchus
masu, ana probably also the king salmon takes place du-
ring the winter monthg,and in some cases not much later
than on the humpback and silver salmon. 'whe Young indi-
viduals of these species keep on groving over tne major
part of tne winter. In case oI humpback and silver salmon
the snort duration of grdwtn stagnation and the early
renewal of growth is, in tnis way, the consequence of the
Yyouth”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. bror this reason it is possible
to understate the age of this fish by one year in the
case of early spawning. whis salmon returns for spawning
éfter spending one, two or three years 1in the sea.

3/ The size of the yearly scale growth decreases
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 plaoé always later after the winter retardation.
The younger the fish (beginning from its sécond year

in the sea) the relatively bigger portion of its "sunm-
mer growth of.scales (and the body reppectively) will
occur during early spring or the winter period. ln other
words, 1n the case. of keta, redback énd'king salmon and

Oncorhynchus masu; from theilr second year in the sea

onward, each subsequent yearly growth of their scales
and bodies, on an average, will correspond to a shorter
time period than préviously.

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.

5/1he equality or slight increase with age
‘of.the yearly growth of the scales observed on some.
salmonA(for eXample on king salmon and on Salmo pen-

shinensis Pallas) may be evidenlly explained by the

late descent of the young fish and by the early growth
renewal in the subsequent years. It may be assumed
that the growth stagnations are §ery insignificantili
6/ Theftﬁﬁﬁlﬁd-periods of the humpback and sil-
ver salmon‘in their first and second yesar in the sea

are almost equal.
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7/ Vihen considering the growth in lengthof the
body of salmon during thelr first year in the sea, the
data usually obtained by the back counting method should
be considered as exaggerated, since in the‘analysis the
growth ring is also taken into account.

ﬁ/ The illegibility of *he growth ring may be
mostly found on young, fast growing fish, in the first
place on species whidh are fast growing in winter as
well; this indicates either the continuity of 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. his may be explainei by a growth renewal
taking place earlier (and at & lower water temperature)
in tneir second year in sea.

10/ The»supplementary'(“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; aﬁd the number of fish
with fresh water ring (i.e., the number of the late |
descended fish) increases.

11/ The keta salmon with and without "estuary"

zone on their scales (i.e., the early and the late




51

descended fish), like the humpback salmon with and without
! | *fry" ring, will reach about the same sizes by winter. “whis
A4 ' circumstance és well as the similarity of both rings indi-
cates tnat these have the éame origin. poth of these are evi-
dently the consequence of an early descent and longer stay
' - v under conditions which slow down the groﬁth (low temperatﬁr@
nigh rresh'water content of the coastal zone, et c.)

12[ Other conditions being equal, the occurence of

1; . tish with "fry" ring in the not numerous humpback salmon
generation should be higher than in the numerous generétion.

“his is the probable explanation for the predominance of

B

such fish observed by Lapin (1963) in the case of Amur hump-

h

EC. back salmon in the jears of weak run. whis condition, how-
;:_4 , ) ever 1s not obligatory. Sometimes a high ocecurence of fish
;‘; with "fry" ring may be observeu in abundant years as Well,
iﬂ and vice versa, may hot be found in poor years,

3 . ' 15/ lh the keta and humpback salmon the time of des—

ceﬁt does not determine the size variation of young fish
in the pbpulation of a given year and the length differences

between the young fish of adjoining generation.

14/ 1t is proposed that ithe zone of the scales bor-
dered by the "estuary™ or "fry" ring should be called trans-
ient sea zone ‘(abb. MPZ).

15/ 'he contraction of the sclerites of the hump-

‘back salmon, as somevimes observed at the edge of.the se-

RGN

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

since this ringiislformed at the end of summer or not much

=
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earlier, wﬁereas in the slower growing other salmon species
tthe second growth ring is formed at spring or during the
winter months. This i1s 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 of the gonads before the ascent to the rivers.
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Ei%.lF_SogLe of -a pumpback salmon; April 18,1959; wn.lat.
43~00" K. long. 173 37-. Length of the tish (AC) 51,5 cr;
welgnt 700g. ’
p1ig.2. Sewle or g humpback salmoné
Japan N. lat. 38 36'. I long. 130
(AC) 29,5 cm, weight 250 g.
rig.3. Scale of a redtack salmon with one grgwth ring in sea;
warch 18, 19c¢4; N.lat. 49° 00', E. long. 177 22

rig.4. Scale or a keta salmon; July 12, 1959. Length of the
Iish %2 cm, age 1+.

rig.5. Scale of an Oncorhynchbs masu with one growth ring in

rebr.l1l,196b. Sea of
27, Length ot the rish

séd; Febr..l,19%v5. Sea of Japan; N.lat. 38° 36" E. long. 130°-

ZQlLength of the fish 34 cm; weignt 500 g.
#ig.b. Scale of a keta salmen with "estuary" ring (Korfa-say).
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#ig.7. Scale of a keta salmon with "estuary" ring (namchatka

river).

Fig.8. Scale of a keta salmon with fresh water and "estuary®
ring (Kamchatka river). _

Flg.9. Scale of this year's brood keta salmon with "estuary"
zone.dept. 21,1964; Sea of Okhotsk; length of the fish 14,7 cm.
#ig.l0. Scale of this year's brood keta salmon with “estuary"
zone and ring; Sept.21,1964, Sea of Okhotsk; Length of the r'ish
17,8 cm. '
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Fip.1l. Scale of this year's brood keta saimon with "estuary"
zone and ring; Sept. 21, 1964; Sea of Ckhotsk; Length of the
rish 17,8 cm .
rig,12. Scale of a humpback salmon 1+ with supp}ementary ring
on the front edge of the scale; Sept.8.,1956; high sea South
from the Commander Islands; length of the fish 52 cm;

weight 1500 ge »
#ig.13. Scale of a humpback salmon 1+ with "fry" ring and
supplementary ring on the ffont edge of the scale; Aug.B,1939;
samchatka river.

ISRy 12

Puc. Y. UYewyn ceroseiha wCiw ¢ e3CTyapiofis
sonoft. 21/IX 1961 r.. Oxorckoe Mope JlaHHA pLIOW
.7 cn.

Pie. 10, Uemysn CIoIeTRa KCTL ¢ <3CTYapnoft»  ao-
Hoit 1 woabnom. 21/IX 1664 1. OXxoTckoe Mope.
Jlanua puiGn 17.8 car.

Puc. 11, Yewys ceroaertha KeThi ¢ <3cryaphoits 3o0-
ol 1 koannom. 21/IN 1964 ¢, OxoTckoe Mope.
Janua pwi6m 17,8 car.

Puc. 120 Yewmyn ropbyunt 14~ ¢ xOHONHHTEABHLIN
KOJIbHOM Ha fnepelRnesm kpae demyn. 8/1X 1956 r..
OTKpLITOE MOpe K 101y oT KoMauAONCKHX OCTPOBOB.
Jlnttna pra6u 52 cu, Bec — 1300 o -

Pue. 13 Yewyn ropOywit 1.J- ¢ «MaabKOBMLIM» KOJb-
HOM 1 JIONOJHHTCABHBIN  KOALIOM Ha lNepeaHeM
Kpae Mewyu. 6/VIED 1939 r, P. KamuaTka.
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