
8 BOARD
OF
BIOLOGICAL STATION

T. . .

F I S H E R I E S R E S E A R C H B O A R D

O F C A N A D A

MANUSCRIPT REPORTS OF THE BIOLOGICAL STATIONS

No. 267

Title

ON THE SCALE METHOD OF ESTIMATING THE AGE OF THE HERRING
(Clupea harengus)

«

- Author

H. Chas. Williamson

i

*

»

1930

*
&



On the Scale Method of Estimatingthe Age

of the Herring (Clupea harengus ) •

by

H. Chas» Williamson, D. rc., F.R.S.E.

thod whereby the age of a fish may be estimated is highly desirableA

and with in recent years two methods have been devised whereby it is claimed this

end is secured.
Petersen in 1895 showed that if the lengths of a group of fishes which

s good reason to believe were of the same age, be plotted in a f requency-
curve, a curve of the type of the probability-curve will be produced. He then

concluded that in a sample including fishes of two or more generations, the curve

of frequencies should show peaks corresponding to the number of generations* This

thod, it was recognised,-could not find cut the ege of the individual fish, *y

the second ,- the scale method , it* is claimed that the age of each fish oan be

there

-i-
estimated in a definite and exact number of yeers.

i

The writer has emnloyad the Petersen method for the study of the growth of

the herring and he has also» over a number of years, applied 1he scale method to

this purpose. He has come to the conclusion that the claims made for the scale

thod have not been substantiated. The question of whether a method

be devised for the exact estimation of the age of a barring, from an examination

y yat

of its scales Is an open one. It is proposed then to point out some disabilities

of this seals thod and to show the want of stability in the claims aada for it.
Hjort’s atntemant In 1907

"Later on, it was oleerly demonstrated that not merely the otoliths but

y of the bones, nad what is more, the scales, showed age-rings—a fact which

bow enables us, with certainty and precision, to tall the age of every cod, haddock,

y be cited as the claim aada fer this theory.
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If this
1th*, herring op sprat, as *«11 as of many other species of fish."

oorrect estimate, tha method would be a Tory valuable instrument.
The herring soale Is generally ciroulnr or oral in fon; It is usually

symmetrical , but sometimes asymettrlcal. The upper surface ct the scale Is

divided into two regions. The anterior is covered with fine ridges, usually

transverra, but in some oases rou^ly concentric; the posterior region is devoid

is a

of ridges but it exhibits wavy lines more or less distinct, which run roughly

The under surface of the scale is devoid of ridges.
parallel to the circumference.
The anterior striated region of the soale is overlapped by other scales; the

posterior portion project*» free of overlapping.
According to ">ahl ( 2):- "In the anterior, striated pert of the scale, we

will clearly distinguish s certain number of narr<mr, concentric rings, sthrtinj-

like irregular semicircles from the base line. The narrow- ringe will, if strong

l l. i t is rarmitted to papa through the goals, appear more transparent then ti e

In subdued, or slightly reflected light, they appear darker than

the striated parts of the scale".
seasons further shows thet the brood semi-transparent - suwvr belts are formed

during the physlolo - lenl summer, and the narre» transparent rings during the

Physiological winter,

represents an annual ring, and, by counting the nuaber of such annual rinf-s con-
tained within the ares of the scale, the eg* of the fish can, with some limita-
tions, be determined,"

Dahl makes, in support of his theory, the following stetemente:-
r«gulsr striation characterising the s

*le of the scale fisost quite blank during winter,"

suraoer show* that the striation generally extends to the very rim of the scales."

exhibits these differences by two diagrams.

Other parts.
"An examination of individuals at different

Kach succeeding summer belt with Its winter ring thus

"The

r stops nearly abruptly and leaves the

"An examination of scales taVan dur-
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Such a difference , If constant , would be readily reoognised, but the

writer baa seen both oondltIona on the one scale:
there wee a plain rim, end nt another port tiie striations extended to the very

Dahl further statee that a tory narrow, blank rim

at one part of the perimeter

y appear on the sonleedge.

This , It la. Inferred, Is supposed to gits rise to the auaner or ecoessory
ring Which Is observed as a faint ring in the so-called sunn«» belt.

The writer has observed the blank rim on aoalea nt herrings caught In

gad or rolled up. The
rim varies In breadth In different parts of the* soale. Anteriorly It is usually

June and July. There is a risk thr t the plain rlra is d

narrow «r than at the sides.
Dahl says thr.t the winter ring first becomes recognisable at the begln-

d winter rings

Is, to earns extent, to be attributed to the Irregularity and feintnees of the

ning of the auruser. "The greater transparency of the fully f

striation which passes over aa the summer growth of the soale begine" ( nehl 2) .
It Is to be Inferred that such faint and lrrégular striatlona onn be formed at
any ti

»

during the r.
The winter ring then Is oosposed of a blank rim which Is not a character-

istic winter formation end e faint end irregular striation which is formed In

Attention y be here directed to the contrast between the winter ring

°f the scale end that of the otolith. In the latter, the winter ring is of a
different constitution to thi t pert of the otolith formed in armor, that is,
according to lelhlsoh* s theory. So that whan an analogy is drawn between the
•Inter ring of the scale and that of the otolith , the comparison Is not legitimate.
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Nevertheless, Uroch (1) writes a» follows:- "Parallel investigations

carried out on the scales and otoliths of the herring brought mo to the result

that, on the scale, the small rings, which by transmitted light are almost clear,

represent the winter rings of the otolith, while the broad, less translucent

parts ere formed in the oourse of the summer period."
Schneider, however, fbund in some exemples that the number of rings In

the otoliths and vertebras were alike, but so;?» times

rla o in the scales. Helblseh had doubted the applicability of the otolith

sthod to the estimation of the age of the herring. "If,

Her than the number of

umsd, the

deposit of line in the formation of the otolith of Pleuroneotea platassa is con-
ditioned through the change in température, no such influanoe can be reoognised

in fishes, the otoliths of which .show no layering. "f uch fish*a are," as Pr ,

Apsteln states, "Among others, Herring, Meekerel, cel." "An absence of strati-
- * I'

fication occurs exceptionally also in ths Plaies."£
£

Jenkins arrived at the following conclusion:- "In the Clupeoids we can
**

estimate the age of the fish fro- the otolith, end this Is Indeed the only

thod known up till now by which the age of the fish can be estimated with

certainty beyond the seeond year."
*

Uncertainty exists «e to the time when ths winter ring is formed. "The

inter ring is formed in the physiological winter" ( ^ahl). What is the physio-
logical winter? According to that author,- "The winter of the alnemack end the

Physiological winter are evidently, to sore extent , parallel." He, however,

••ye:- «it is lmponslble at present to exactly fix the time for the consnencemeat

cessation of winter end sunnier growth: on the one hand, individual varia-
tion may here exert considerable influence." The scales of oertaln herrings in

"middle of April showed the fbrraation of a new summer belt." Certain
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barring ®, however, found up to the middle of May, bed not yet commenced to form

a naw summer belt* That 1B, the former lot

In April # and the letter herrings «ere in their physiological «Inter in Vnj ,
The two seasons overlap. lee ( 2) says: "We do not venture, as ?ohnelder has

re In their physlologloal summer

done, to determine from the observation of e senle, whether the formation of e
trensperent «Inter ring le beginning, half-ended, or Just completed." Lea
further asserts that* "but few observations exist regarding the time for the

formation of the growth zones of the herring scale, the broad striated sumor
belts, end the narrow, clear winter rings, "and" If we observe the longitudinal
growth of the fish (on lie scale) throughout all seasons of the year , we can
arrive at some conclusion as to the time represented by the simmer belt and the
winter ring."

iThe plein rlra of the scale la formed both in sunmer end «Inter. Is there
any reason for assuming that the sumner belt cannot be formed In winter? Such e
problem Involves the definition of the physiological sumner and physiological
winter, in terms of the seasons. The physiological winter appears to be a
period during which the herring does not grow. If e herring stopped growing in

•uniosr could it be in its physiological winter? The physiological winter cannot
be accepted is en accurate unit for age estimation. The scale method professes
to give the age of the fldh In years. Then it la necessary to correlate the
Physiological winter wit’’ a eeeson. If the physiological winter occurs both In
winter and sumner In one fish, or in the winter with one fish, and In the summer
*lth another, or If it occurs one year and not foe next, one must be at fault In
one’s age estimation.

hehl cites various factors which may influence the occurrence of the
Physiological eimmer aid winter,- "end, on the other bend , climatic conditions



- 6 -
and geographical situation will probably be found to affect the beginning of

r and winter growth to some degree", and certain "facts aeon to indicate

ttat the commencement of growth is dependent upon age, aa well aa on t e state

of the sexual organs, and th>'t the spawning process possesses ths power of

lengthening or assisting the conditions that give rise to the peculiar winter

rings of the scale.*

*e have thus the following factors a a possibly Influencing the forma-
tion of the age criteria:

(1) Individual variation of the fish.
( ?) Climatic conditions and geographical situation.
(3) **•.

-e( 4) Spawning. <

These factors are unknown quantities.
*

» '*

(1) If individual variation.'; step in to effect the time of formation
•» •

of the winter ring, the latter-ean be no better an age criterion than la the
length of the IXah.

( 2) What are the ellnatlc conditions which affect the formation of the

winter ring? Aa Schneider ( 6) points out, it la not the low temperature of the

winter. "The scales of Clupea ( Alauoa) dorrails C. Val., captured in the flulf

of Ouinoa , showed the rings more faintly imprinted than in Clupea harangue, but,
eft?r all, not more indistinctly then in nmny examples of herring.* "Aooord-
Ingly, the so-called winter rings are also present in fishes which live in
regions where, as in the Tulf of 'hiinea, perpetual auramer prevails, end wa must

•llow the terra winter ring to lapse.*

<-
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Fulton ( 26) end Lea , moreover, testily that growth of a fleh nay very

In gunner Independently of the temperature, what, then, ere the climatic

condition In question?

( j) The writer has not found may data regarding the Influence of age,

but Lee ( 42) suggests size as a factor. He eays, "It looks ae If It wsre the

to their appearonce In the nee period of life whitfilargest fish which first

Is indicated by the formation of a naw summer belt on the scales."
( 4) The greet effect whloh spawning has on the physiological conditions

of the fish Is apparent. It Is not, however, dear why this process should be

expected to lengthen or asalat the unknown, or at least undsflned conditions

Pahl (1$) says, "That the spawning processwhloh givs rise to the winter ring.
is itself the main cause of the winter ring, is clearly disproved by the fact

th'it individuels which have never been sexually nature also possess the winter

Lea says thstrlru a even fran the first winter of the scales' existence."
"Hellevaara has found that herring caught off the ooeets of Finland often show

faint rings whloh. In his opinion, are caused by the rapid development of the
•.

»

sexual products accompanied by fasting or by lack of nutriment. In spite of

this, It seems as If those faint rings are easily distinguished from the real
%

winter rings In this cess, for the author concludes his interesting treatise
* *•

in the following way:- determination of the nga of the fish by the scales did

not present appreciable difficulty after I had pmetlsed it somewhat. In auch

localities, Where the herring spawn during the whole auaner, the seale examina-
tions y possibly be more Intricate."

» •

k scale reader may, after aomo study of the scales, arrive at a rule

"hereby he recognises the winter rings. Hut how can he tell that In so doing

la reading aright? Ha ban no cheek on his egs estimates. A ring whloh

4*Pends in its formation on so many variable? can not be very uniform In Its

I
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app0ftrf»nc0*

"It will be both interesting and instructive", says Dahl (15) to study

1 differences
tbs precise nature of the growth of the scale aid the structu

between sixncmr m& winter growth from e histological point of view. It will

' also be necessary to study the prods* moment when summer growth begins and ends

In different localiti s, and for the different age groupe, as well ea to investi-
gate the deeper physiological causas of the stagnation and ravivai of growth.
To these Important ( jaestions I hope to he able to return as I get the necessary

•At the present time, however, I consider that by employing the eoale

test , e sufficiently oorrect idea of the age and growth of herrings in different

portiona of the sea eon be obtained."
Lea ( 42) states thnt he has "arrived at a subjective certainty with regard

to the correctness of hghl*s interprétât Ion’1, and further.that "the

sidérations which form the basis of the scale studies are, (l) thnt the different
.*

w »

growth zones which oan be observed on the scales correspond to re&ilar epochs in
«

the life of the herring^ or, more defini'sly, that a period of one year lisa
d

0

between the formation of two so-called winter rings: . ( 2) that the so-called
t

«inter rings are at least annual rings seems to me to have been sufficiently
»

proved in the papers which have been published.
1 hare been unable to find the proof in these papers.

Lea ( 42) says that the winter rings are at least annual rings,

difficult to see how thnt con he unless tbs winter ring is forsmd in the seme

terial."

in oon-

( Broch (9), 1̂ (15). Lea ( 41) ).*

It la

Accord in -1 to the advocates of the method there are winter rings••eson each year.
Milch are annual rings and susscer rings which are not annual rings.

or may not appear in the reals.
^son for assisting that if one -faint ring appears in any summer another feint

ring could not appear during the same survner.

The latter

*ut it is to be inferred that there is no

T'urther, can it be mints!ned
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that the rin* farmed in summer la never a prominent one and thct the winter
y not sometimes be a faint ring? fchneider Indeed says, "A priori , thering

assumption that an autumn herring in certain regions can possess twice as many

age rings as a spring herring of the same age is not excluded. According to

the investigations of Damas the scale of Padua vlreua mqy reoelve two rings in
ecch year,"

Some herrings had not commenced their summer growth by the middle of May.
It follows than that they were in stagnation of growth at that time. There is
ao indication of how long a stagnation of growth is required to permit the
formation of a winter ring.

thod of ago estimation gains some credibility fro» the fact
that its estimates are not a' priori untenable. * Tor example, if it be asserted

The scale

that a particular herring 30 cm, long is eight years old there Is nothing one
tes one deny the statement , But , if the rings were diagnosed ea

six-monthly dugs, the age would be four years and that would also be quite a0 X

reasonable estimate, end so on, 'Ttera is a long range of age , which could be
accepted es possible for any wild herring. The assumption that the Interval

knows of to

between different pairs of rln -a does not represent equal intervals of time Is
•Iso quite within the limits of credibility. Before the method can be regarded

«as soundly established, it is necessary to prove (1) that the so-called winter
rtng is formed in a definite season of the year and only in that season, and ( 2)

one , and only one, winter ring la formed every year in every herring.that

If the ring la a measure of time, it must be formed as the result of the
Influence of environmental foe ora whioh are constant. It is necessary to show
that all herrings are subject to these influences at the same time every year.
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Dahl (16 ) says, "A nunber of Investigators have endeavoured to test and

Reibiseh* » otolith method, and Hoffbauer's soalo method,develop these method

whioh both, on closer analysis, prove to rest on the fact that tbs growth of

fishes is periodical according to tha seasons of the year, and that this period-
ic!ty leaves certain traces which can bs rncognlsed In tha whole of their

osseous system and osseous formatlone."
The expression "periodical according to the seasons of tha year" la

It may be granted that growth is periodical. The probl is to showvogue.
In what way growth Is periodical, how this periodicity Is correlated with the

season and further how It bears on the formation of the winter ring. The theory

depenis on the unproved assumption thnt a special ring la formed on every scale

of every herring In each winter. There Is nothing in tha theory that justifies

one scale of a herring showing a different nurtoer of rings from any other scale

of the fish, unless it can be proved that some scales grow in ereo while others

do not. If that happens, It must be due to Individual variation, not to any
.i

external character such as the season, which cannot be supposed to act different-
ially on the seales of the one fish.

A fish cannot indicate its age by Its structure, unless It grows both in

summer and winter. There Is no reason to believe that all herrings grow and

top growing In unison.* That no herrings grow during winter is difficult to
• *

believe, because the roe and tollt grow in winter as well ca in summer. The

skeleton and muscles grow In summer, why should they not grow in winter? The

•Eg* of the herring hatch In surmer and In winter so that on* must assigns, until
l* proved otherwise, that In the range of temperature of the North sea during

tbs year, of from 38* to 58* ?• say, the physiological processes of the herring
#p* la no eey interrupted. One cannot thsrofore postulate a period of stagnation
of S*ov*th for all herrings caused by the winter.
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According to nahl, "TJp till the 10th or 11th year» the «Inter lines any,

e

•rule, he read off with absolute certainty,

inpoaelble to dlstlngilsh between the rings with the same degree of certainty

and I hare had in auoh oases to note the number of winters which I oould plainly

iee without being aura thnt there was not really one more."
Lee says, "Adventitious rings will certainly be a source of errors both

After that, it often beoomes

in age determination and in growth oalou1st Ions." He states, however, "The

only conclusion to be drawn from "certain" parallel observations is that the

11 and of no significance for thesources of error in determining age are

biological problème te be elucidated."
The method is not practical. The recognition of the sinter ring is not

tter. The teat of prominenoe of the winter ring orer the accessory
I

ring does not lead Itself to exact definition. The condition of the scale and

tbs lighting have an important bearing on tha appearance of the ring, th

rings: are present on a ec'nle, it Is unlikely that every one will agree as to

which: is the winter ring.
--af

«

In reeding the winter rings, one is continually faced with problems like

the following:»

(1) A ring is dear in a large pert of Its course, but dark in the

inder. . * — e

( 2) A ting Is dear in a small pert of Its oourss and is a prominent dark

line In the rest of its oourse. The writer has seen a ring that was in one

9*rt of its oourss dearer than the summer fields on each side bscone, as it

Progressed, darker than the fields, and while In tbs former part the ridges

were interrupted , the ridges were regular and continuous across where It

darker. . -S'.-
(3) The apparent ring may have clear ends cn the basal lins while the

a simple

several
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ore„t of the bow, l.e., la the anterior pert of the Male, 1> dark or not even

*

traceable.
(4) The rings are in some oases not continuous. The apparently complété

y consist of two curves start inc es prominent elaar lines frin either side

y approximate closely

bow

of the scale, and which do not meat and unite. Thay

ough to appear to units but really overlap. Same of the lines of a group any

be invisible anteriorly.
( 5) There ere Isolated bits of dear rings visible,

to essume that the isolated part la a portion of a complete winter ring.
One is not entitled

The reading of soalea is very elusive. One arm bring oneself to accept

various rings as winter rlncrs beoause the bright, prominent rings are connected

by rings of intermediate brightness with the dull and obscurer rings. The vead-
i

lng of a particular herrin*? scale will be affected by the general struet^ro and

If one reads a seule In ifclehappenrenoe of a seals which has just been read.
1

the rings are shown indistinctly, one would In the next scale be inclined to

include a larger number of rings than if the rings of ths former had been pro-
minent. Uhtll eons proof to the contrary is given, one must assis» that every

I

sosie of the fleh is acted on b7 the season in exactly the same manner and to
*

the sane extent. That is tha only possible view to take if the ring is really

a seasonal marie.
There is not a daflnite brightness marking all tha "so-called winter rings.“

% ,

?or example, on a email herring one might infer no winter ring was present if

°ne were limited to aooept only rings of a brightness and prominence such as

°®a finds on a big scale.
individual and cannot be eomunlanted to another observer.

The standard of brightness is one personal to the

Does the question

to be simply e comparison tnrfcveen the rings on the one scale? Does one

divide the rings on the scale Into prominent and faint rings and regard
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th« fanner as winter rlnrs, the latter as summer rings? If that were so, the

result would be that a ring of a particular absolute prominonce nay pass In

scale for a winter ring and in another scale may be relegated to the summerone

period »

There are, moreover, not Merely two olasees of rings on the soale, e» g» ,
, •

prominent well-marked winter rings end faint summer rings» There are various

degrees of prominence exhibited by the rings» Three or four different degrees

of prominence may be seen in the rings of a scale. Experience shows that all

the scales of the one fish do not exhibit the earns number of rings*

It is usually assumed that one is justified in discarding ssalea which

offer difficulties in reeding* Is that legitimate, and if so, to what extent?
I

No satisfactory explanation of the double rln a seems to be available. Troubling

occurs in the soale of the pilchard also ( Fags) » So far no satisfactory reason
has been advanced to induce one to believe that the prominent and feint rings are

T
; k

. £

of dif ferent natures end that a particular absolute degree of pranlnenoe sapa-
# ’

rates the winter from the sure, nr rings»
*

K

The writer has at various times kept herrings in confinement and in one
t

of these experiments the herrings lived for three years in tha seawater pond of
*

the Fishery Board Laboratory at Aberdeen, Scotland » A number of smell herrings

re captured in August, 1?17, raid transferred to the pond. These herrings,
*»ich range in sixe from 5.5 - 8 »? am*, occur in largo numbers eaeh year st
Aberdeen. The herrings placed in captivity were not measured at the time» whet

1* the age of these hanrlags? Sane of them show e ring an the sonic. Thathor
the ring is to be regarded as a winter ring the writer Is n<* able to deeide»

It is not so prominent as the winter ring of e large herring, but one oennot

•*pect so prominent a winter ring id -no small a scale»

.
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Th« herrings were fed regularly with chopped missels, which were eaten

As far a* could be Judged by the eye, they grew at an approximatelyreadily*

unifora rate*

Two year* later, viz. (July, 1919), one of the herrings was examined,

gured 21 cm. in length, ( measured to the middle of the fork of the tail).
Three scales taken from this fish were kindly examined by an experienced scale

authority to whom neither the length of the fieh nor its history was oomnunloated.
Ha pave the age as at least 2 yrs.

It

That means that he could not tall whether

the herring was 2 or 3 years old.
A teat «as applied to three «calas of this fish. The attempt was da

to ascertain the length of the fish when the first ring was ferma<3* The first

seals gave 7*8 cm., the seeond 9.8 «s. and the third scale $.5 cm. as the length
;

of the herring when the first winter ring was formed. The question arises, is

one right in the seleotlon of the first winter ring? If one had only one scale

of the fl sh to examiné one could have no doubt on that point. It is only when

lnes several scales that he begins to doubt his seleotlon, thst is to

•ay, if he aocepte the theory, beeause if the theory is valid , the first winter

ring should be made on ell the scales at the same time. If now one finds that

he

the first winter ring* were forood at different times on different scales he
e

is forced to the conclusion that they are not winter rings. If it be maintained

that the correct winter ringo were not selooted on theso scales, then what are

the erltarie by which one can select? So far the writer has endeavoured to

follœ the method described by Ttehl.
A year later another of the pond herrings was killed. It measured 23.4

• in length. ‘Goalee taken from it were sent to two other expert «need seal*
readers. Thqr read the stales independently and gave the age as 3. frhnt is

nt by 3 is not clear, hut In any case an exact age ia not given.
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When one considers the d ifficultiee which ere involved in the scale

thod, one racy esk whet advantage it hee over Tetersen Length Method, whereby

the range of eize of successive year- classes is supposed to he obtainable* Lea

(1) affords material for an answer, "As a final example, I shall show the results

pie of young herrings ( sprintspawned) caught inof age investigations in a

the north of Marway during the autumn of 1909**

of the writer has been dlreoted to the practicability ofThe critic!

It ie not proved thet the winter ring is an annual ring formedDahl'a method*

in a definite season* If annual rings exist one cannot recognise them by definite

and unmistakable characters*

If it proras possible to tell the age of the herring in an exaot nurdoer

of years the results will be of much value, but if the estimates have to he
*

taken with a number of reservations and if different observers cannot be certain

thet they- ere disoriminetlng the winter rings aright, it will load to confusion*

Certain authors among whom may be cited Schneider, Del

( with reference to the Pacific herring) offer cogent criticisms and desorlbe
-jT . ,

difficulties and dinabilities of the method*I

tbs chief sponsor for Dahl’s method , and who is to ba congratulated an the

elaborate and laborious tests which he has carried out , himself admits the

difficulties which he has met with and which he has endeavoured to surmount *
The real defect is the want of experimental proof. Such can be obtained from

herring kept in confinement end would not be a very difficult eocanpllehment *
It would mean a period of years before the results would be available*

a and «*?* Thompson

Lea , who has to some extent beaone

fe
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