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On the Sesle lMethol of T“stimmting the Age

of the Herring (Clupes herengus).
by

He Chase 'm‘-m. De S04, FeReS.%,

A method whersby the age of a fish may be estimated is highly desirable

within recent years two mothods have been devised whereby it 1s claimed this
end is secured. v

Petersen in 1895 showed thet if the lengths of a group of fishes which

there was good reason to bellove were of the same age, be plotted in & frequemey-
e, a curve of the type of the probability-curve will be proiuced. He then
conduded that in a sample M&nu fishes of two or more gensrations, the mo
I.Ot frequencies should show peaks corresponding to the surber. of generations, This
metiod, 1t was recomized,-eould mot find cut the ege of tie imividiel fish. By
 the -éo-a.- the seale method, 1% is claimed thet the ege of each fish can be
uﬂn.hl in s definite and mﬂ pumber of years.

The writer las employed the ‘-Mor- method for the study of the growth of
the herring and he has also, over a number of years, applied the scale method to
this purpose. He has come to the comelusion thet the claims mede for the scale
Rethod heve Rot been substantiatéd. The quostion of whethor a method my yet

be devised for the examet estimation of the sge of a herring, from an examination

~ of its scsles is an open one, It is proposed then to point out some disabilities
| of this seale mothod and to show the want of stadility in the elaims made for it.
Hjort's statement in 1907 may be cited as the claim made for this theory.

: "Later on, it was clearly demonstreted thet not merely the otoliths but

- Bmy of the bones, and what is nan: :':IM seales, showed age-rings--a fact which

now ensbles us, with certainty and precision, to tell the age of evary eod, haddock,



the, herring or sprat, as well ss of memy other species of fish." If this
a correct estimete, the method would be & very valusble instrument.

The herring sosle is generally cireular or ovel in form; it is ususlly

rloal, but sometimes asymettrical, The upper surface of the scale is
ded into two reglions, The snterior is covered with fine ridges, usually
transvers=e, but in some cases roushly concentric] the posterior region is devold
rldges but it exhidits wavy lines more or less distinct, vhich run roughly |

el to the circumference, The undar nrﬁu of the seale is devoid of ridges.
anterior striated region 91‘ the scale is overlapped by other soales; the
terior portion projects free of overlapping.

Aecording to Dehl (2):- *Tn the saterior, striated part of the scale, we
will elearly distinguish a certein nusber of marrow, coneentriec rings, starting
1ike irregular semicireles from the bdase line, The nrr& rings will, u--tm
Mat is panusoﬂ to.page through the scale, appear more trensparent then the
ll' parts, h oubc\ld. or sTightly reflected light, they appear Aarker than
‘the ttrtltod parts of the seslp". "An exemination of individuals at different
Seasons further shows that tho,bo“ somi-trensparent  summer bel ts are formed
during the physiolorieal summer, and the narrow transparent rings during the
physiologiesl winter. Hach suceeeding summer belt with its winter ring thus
represents an amual x-l'u. dl;d. by ecounting the nuwber of such annual rings onr-
talned within the ares of the soale, the sge of the fish can, with some n-h- ;
tions, be determined.” ; |
Dahl makes, in support of his theary, the following statementsi- “The
Pegulnr stristion charsoterising the swmer stops meerly ebruptly and leaves the
in of the seale dmost quite blank during winter.® "in examination of scales taken dur-
ing summer shows that the striatidh generally extends to the very rim of the scales.”

He exhidits these differences by two dlagrams.
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Such a differemce, if constant, would be readily reocognised, but the
ter bas seen both conditions on the one scale! at one part of the perimeter
re was @ plain rim, and ot snother part the striations extended to the very
o DPahl further states that a very narrow, bdlank rim may appear on the seale
 summer,

This, it is inferred, 1s supposed to give rise to the summer or sccessory
which ls observed as a faint ring in the so-called summer belt,

The writer has observed the blank rim on scales of herrings csught in
mJu.ly There is a risk thet hpldlruhc—pdornndu. m
varies in breadth in different parts of the seale. Anteriorly 1t is usuelly
or than at the sides. :

Pehl says that the winter ring first becomes recogiissble at the begin-
of the summer. "The greator transparency of the muy formed 'hhr uw
to some m-t. tobo attributed to the irromhrity and faintness of m
tion whieh msses over 88 the summer awih of the scale begins® (Dahl 2),
is to be inferred that mh faint and irregular .mnxm oan be formed at

f Hime during the summer.

The winter ring then is composed of a blank rim which is not & ohnulon-‘
 wiater formation and e faint end irregular striation which 1s fomed in

. : | y
Attention my bo heve directed to the Gontrast between the wimter ring
the scale end that of the otolith, In the latter, the winter ring is of &
'"ent constitution to thot part of the otolith formed in summer, that is,

Bz to Teibiseh's theory., So that when an analogy is drewn between the
ter ring of the scale m that of the otolith, the comparison is mot legitimate.

g



Nevertheless, Proch (1) writes as followsi~ “Parallel investigations

od out on the scales and otoliths of the herring brought me to the resilt

t, on the scale, the small rings, whieh by transmitted light ere salmost clear,
sent the winter rings of the otolith, while the broad, less translucent

¢ are formed in the course of the summer period."

Sehneider, m. found in some exammples that the number of rings in
otoliths and vortomo were alike, but sometimes smaller than the number of
s in the sceles. Rotbluh hed doubted the applicability of the otolith
od to the estimation of the age of the herring, °If, ...'n agsumed, the
sit of lime in the formation of the otolith of Pleuronectes platesss is con-
tioned through the chamge in temperature, no such influence can be recognised
fishes, the otoliths of whieh show no layering. "Such fishes are,” as !b..;'
states, "imong others, Herring, Veskerel, Sel." *An absence of strati-
on occurs uupunnny also in the Plalce." |

J’onkh- mtvod at the following ecanclusioni- “In the Clupeoids we can
to the age of the fish fram th‘ otolith, and this is indeed the only
known up till now by which t}n sge of the fish can.be estimeted with

ty beyond the second y’lr.'

Uncertainty exists as #o the time when the winter ring 1s formed. "The
r ring is formed in the ;!witqi’odcn winter® (Dahl)., What is the physio-
vinter? According to thet mithor,- “The winter of the almemack snd the
ologloal winter are evidently, to some exteat, parallel.” He, however,
i= "It {s impossible st present to exactly fix the time far the commencement
Gessation of winter and summer growth: on the one hand, individual varie-
may here exert considerable influence.” The scales of certain hcfrtm in
"middle of April showed the formétion of & new summer belt.” Certain
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herrings, however, found up to the middle of May, had not yet commenced to form
a new summer belt. That is, the former lot were in their physiolosical sumer
in April, and the latter herrings were in their physiological winter in May,

The two seasons overlap. Lea (2) seys: "We do not venture, as Schneider has
‘done, to determine from the observation of a senle, whether the fommtion of a |
transparent winter ring is beginning, helf-ended, or just campleted.” Lea
further ssserts that, "but few observations exist regarding the time for the
formation of the growth zones of the herring scale, the broad strieted summer
belts, and the narrow, elear winter rings, "and® if we observe the longitud inal
~ growth of the fish (on ite soale) throughout all seasons of the year, we can
arrive at some nnc}uﬂon &s to the time represented by the swmer belt and the
winter ring." '
' The plain Pim of the scale is formed bdoth in sumer and winter, n there
~ 8ny reason for assuming that the n-u- balt cannot be formed in mm M a
_ mu- involves the ufmuo- of the phyedological summer end physiological
Illt'!'. in terms of the uunm. The physiological winter appears to bde a
)orlod during which tho horrlng does not grow. If e horrm stopped growing in
Sumier could it be in its physiologicel winter? The physiologleal winter camnct
be accepted as an mccuratd unit for ége estimation, The scale method professes
to give the mge of the niﬁ ;n yoars. Then it is necessary to correlate the
Physiological winter with a season. If the physiological winter cceurs both in .
¥inter and summer in one fish, or in the winter with one fish, and in the summer
Wity another, or if it occurs one year and not the next, one must be st fault in
One's ape estimation,

Pahl cites various factors which may influence the occurrence of the

Phyeiologleal - mummer @ d winter,~ "and, on the other hand, elimatic condltions
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and geogrephical situation will probably be found to affeet the beginning of
sumer and winter growth to some degree”, and certain "facts seem to indicate
]‘g the commencement of growth is depemdent upon age, as well as on the state
of the sexusl orgens, and thet the spawning process possesses the power of
lengthening or asaisting the conditions that give rise to the peculisr winter

rings of the scale,"

¥Ye have thus thp following fsctors es possibly influencing the forma-
tion of the age eriteria:l

(1) Individual veristion of the fish,

(2) Climatice oonuu‘;u and geographical situstion.

(3) Ages .
(4) Spewninz, , - s '

| These factors u-i nhtu quantities, H .
{1) 1r hdh!.a-{ varistions step in to nrrut the time of tounuoa

- of io winter rju. the latter-san be no better an age criterion than is the
M of the fish,

(2) "hat are the 011“.10 condi tions whiech affeet the fomation of the
winter ring? As Sehneider (6) points out, it is not the low temperature of the
winter. "The scales of O}m (Aleuss) dorsslis C, Val., captured in the Gulf ‘
Of Ouinea, showed the rings mere faintly imprinted than in Clupes harengus, but,
| After all, not mors indistinetly then in mny exsmples of herring.® “Accerd-
ingly, the so-called winter rings are als present in fishes which live i
Nm 'ﬁn. a8 in the Oulf of Ouines, perpetual summer prevails, and we must
8llow the term winter ring to lapse.® |
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Fulton (26) end Lea, morsover, testify that growth of & fish may vary
summer independently of the temperature. What, then, are the climetic
tion in question? -
(3) The writer has not found eny data regparding the influence of age,
Lea (42) suggests size as a factor., He says, "It looks as if it were the
st figh whieh first make thelr sppearance in the new period of 1life which
.uuuua by the formation of a new summer belt on the scales."
| (4)' The great effect which spewning has on the rhysiological conditions
the fish iz apparent. Tt is not, however, clear why this process should de
ted to lengthen or assist the unknown, or at least undefined cond itions

| give rise to the winter ring, Dshl (15) says, "Thet the spawning process
s 1tselr ﬂi; main cause of the winter ring, is clearly disproved by' the fact
iuumn- q_ua have never been sexuslly -tiro also puu;th winter
Pings even fram the first winter of the scales' existence." Lea ﬂ;i n@
W has found 'M herring csught off the coasts of ¥inland often M
faint rings which, in his opinion, are caused by the rapid development of the ‘
‘#exusl products secompanied by fasting or by lack of mutriment, In epite of
this, it seems as if these faint rings are easily distinguished fram the real
winter rings in thi;n case, for th; suthor concludes his interesting treatise
in the following wayi~ Determination of the age of the fish by the scales did
Bot present apprecisble difficulty after I had prectised it somewhst, In such
loealitios, where the herring spawn during the whole swmer, the scale examina-
tions may possibly be more intricete." : .
A seale resder may, after some study of the scales, errive at a rule
Whereby he recognises the winter rings. But how can he tell that in so doing
b8 {5 rosding aright? He has no check on his age estimstes. A ring which
‘depends in its formation on so many veriables cen not be very uniform in ite
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»It will be both interesting end {nstrustive®, says Dahl (15) to study

the yprecise mature of the growth of the scale end the structureal differonces
petween sumer ad winter growth from & histological point of view. It will
also be negessary to study the precise moment when swumsr growth begins and end s
{n differsnt localitivs, and for ihn different age groups, as well as %o investi-
gate the deeper physiological causes of the stegnetion end revivel of growth.
To these important questions I hope to be able to ro.tm‘ as I get the negessary
erial.” %At the present time, however, 1 consider that by employing the scale
test, a sufficiently oorr«t-im of the sge and growth of herrings in different
portions of the sea ean be cbtained,.” V
lea (42) states that he has "arrived at a subjective certainty whh regard
to the correctness of hdll'a interpretation”, and tm-ﬁur,tht “the maln oon-
lucmﬁcn which form the basis of the scale studies are, (1) that the utrmnt
l’nth zones !nch ean be observed on the scales eorrespond to regular epochs in
-llo-uro of tln hu-rhg—. or, more definitely, that a pericd 'or one year lies
| between the formation of two n"_,o-nnod winter rings: . (2) thet the so-called
winter rings are at leest annusl rings seems to me to have been sufficiently
proved in the papers -nia have been published. (M (9), nehl (15), Lea (41))."
I heve been umable to find the proof in these papers. :
Lea (42) says that the winter rings are at least snnual rings. It 1s
d4ffioult to see how that cen bLe unless the winter ring is formed in the ‘sane
Bsason ench year. According to the mdvoeates of the method there ere winter rings
‘1& are annual rings snd summer rings which are not annusl ringss The latter
Ry or mey not appesr in the scale, But it is to de inferred that there is no |
Penson for assuming that if one faint ring appears in any summer nuthir faint |
‘Ping could mot appesr during the same swmer, Purther, ¢an it be maintained
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t the ring formed in summer is never s prominent one and thet the umé
may not sometimes be a faint ring? Schneider indeed says, "A priori, the
ption that an autumn herring in certein regions cen possess twice as many
rings 23 a spring herring of the same ege is not execluded. According to
investigations of Damas the scale éfg_ng_u_m- receive two rings in
yoar,®

Some herrings had not commenced their summer growth by the middle of May,
r t.neu then that they were 11 stagnation of growth at- that time. There is
 indication of how long a stagnation of growth is roqnlm to permit the
ation of & winter ring.

The scale method of age estimation gains some eredibility tra the fact
t its estimates are mot & priori untemsdle.” For example, 1f it be -’um
t & mrticular herring 30 em. long is eight years old thers is vutnn:c one
s of to make one deny the statement, But, if the uui were dlagnosed as
onthly iin. the age wold be four years and that wuld also be quite a
) dnable estimate, -ﬂ lo on. There is a long renge of age, vhich could be
Ptod a5 possidle for any wild herring. The assumption that the interval
different pairs of rings does not represent equal iamtervals of time is
Quite within the uqltn of u-«muv. Before the method can be Nm
soundly established, it is necessary to prove (1) that the so-ealled winter A
1 formed in & definite sesson of the year md only in thet semson, and (2)
one, and only one, winter ring is formed every year in every herring.

If the ring is & measure of time, it must bo formed as the result of the
Uence of envirommental factors which are constant, It is necessary to show

t all nerrings are mbjo"ot to these influences at the seme time every year,

-



pahl (16) says, "A mumber of investigetors have endeavoursd to test and

~ gevelop these methods--Reibisch's otolith method, and Hoffdauer's scale method,
which both, on closer snalysia, prove to rest on the fact that tie gro'ﬂn of
 fishes is periodical according to the seasons of the year, and that this period-
jeity leaves certain treces which can be rocognised in the whole of their

~ psseous system and osseous formetions.”

The expression "periodical aceording to the seasons of the year® is
‘wague., It may be granted that growth is periodiesl. The probdlem is to show
in what way growth is perlodienl, how this periodiecity is correlated with the
season and further how it bears on the formation of the winter ring, The theary
depenis on the unproved assumption that a special ring h farmed on ncy scale
of every herring in each winter, Thers is mothing in the theory that justifies
ene scale of & herring showing & different nurber of rings from any cth;or seale
of the figh, unless 1t ean be proved fhn some seslas g:;ow in erea nno others
. @0 not, If thet happems, 1t must be due to individusl varistion, not %o amy
m char;'etcr meh as the season, which eannot be supposed to set Aif ferent-
1ally on the sesles of the eilu fish,

A fish cennot indieate its age by its structure, unless 1% grows both in
Summer and winter. There is no resson to belleve thet all herrings grow and
stop growing in unison.. That no herrings grov during winter is @ifficult to .
believe, because the roe and nilt grow in vinter as well as in summer, The
skeleton and museles grow in summer, why should they not grow in winter? The
8ggs of the herring heteh in summer and in winter so that one must assume, until
it 1s proved otherwise, thet in the enge of temperature of the North sea during
the year, of from 3¢ to 58° ¥, say, the physiological processes of the herring
re in no way htomptod; One eamot therefore postulate a period of stagnation
- Of grovth for all herrings mﬁhy the winter.
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According to Dahl, "Up t111 the 10th or 11th year, the winter rings my,
 as a rule, be read ;ft with absclute certainty, After that, it often becomes
impossitle %o distinguish between the rings yﬁh the same degree of certainty
and I have had t; sich cases to note the number of winters which I could plainly
gee wi thout being sure thet there was not reelly one more."
" Lea says, "Adventitious rings will gertainly be a source of errers both
j. age determination and in growth calculations.® He states, however, "The
only conclusion to be drawn from “certain" parellel observations is that the
sources of error in determining mge are small and of ne significance for the
blological problems to be elueidated.” .
The methed is not practical., The recognition of the inm ring is not
a simple matter, The test of jrominence of the winter ring over the u«u'gory
Ping doss not lend 1tself to exsct definition. The condition of the seale and
the lighting have en important bearing on the appesrance ottth ﬂnﬁ. Wheh several
tllcgznri present on -'uﬁlo. 1%t is unlikely that every omne will agree as to -
whiek is the winter ring, 4 : g
‘Il reading the -ui-: rln;.. 'm is continually faced with problems like
the followingi- : '
| (1) A ring is clear ia & ﬁmpﬂor its course, dbut dark in the
inder,
(2) A Ming is elesr in & smell part of its course and is & yrominent dark
in the rest of its course. The writer has seen & ring that was in one
of its course clesrer than the suumer fields on each side became, as it
ssed, darker than the fields, and while in the m mrt the ridges
it were interrupted, the gupo were regular and econtinuous seross where it
darker,

!

(3) The apparent ru‘”w h-ﬁ clear enis on the basal line while the
. S ¥ 2 S8 Tagasd
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erest of'tha bow, 1.8., in ths snterior part of the scale, is dark or not even
tracenble. | .

(4) The rings are in some cases not continuous. The apperently ecomplete
pow may consist of two curves startine as prominemt clear lines fram either side
_ of the soale, and which 4o not meot and unite. They my approximate closely
encugh to eppear to mu' but really overlap. Some of the lines of a group may
be invisible mm;ﬂy.

(5) There are 1solatod bits of cleer rings visibls, One is not entitled
to assume thet the isolated part is a portion of a eompleste winter ring.

The reading of uun. is very elusive. One can bring oneself to accept
various rings as winter rings because the bright, prominent rings are uputd
by rings of intermediefe brishtness with the dull and obseurer rings. The read-
ing of a particuler hogrlng secale will be affected by thé ml--tmt?rn ul
appearence of a socale ?ld hes just deen read. If one reads a seale ﬁﬁuh
the rings are shown indistinedly, ome would in the mext seale be inclined %o
| hgcluoahrmmﬁetﬂ)npm If the rings of the fomer had been pro-
minent, Until some proof to the contrary is given, one must mssum that every
socale et'tlp fish is ut.od on by the sesson in exmetly the same manner and to
the same extent, That u the only possible view to take if the ring is really

There is not a definite brightness merking all the "so-called vw rings."
- For example, on & small herring one might infer no winter ring was present 17
one were limited to amccept only rings of a drightness and prominence such as -
One finds on a big seale, The stenderd of brightness is one perscnal to the
individua) end cennot be communicated to smother observer. Doss the question
8om8 to be simply e comparison beiween the rings on the one scele? Does one
dhtd’ the ringes on the scale into prominent and faint rings and regard
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 ¢he former as winter rhcu. the latter as summer rings? If that were so, the
result would be that a ring of a pﬂicm:nMImQMnymu
: one scale for & winter ring and in snother scale may bde relegated to the summer
~ period.
There are, moreover, not merely two classes of rings on the scale, e.g.,
- prominent nu'-rh't winter rings and faint swmwmer rings. nQ:- are various
dsgroes of prominence exhidited by the rings, Three or four d1ifferent degrees
of prominence may de uoi in the rings of a scale. TFxperience shows that all
~ the scales of the one fish do not exhibit the same nusber of rings.
| It 1s ususlly assumed thet one is justified in discarding seales which
offer difficulties in reading, Is that legitimete, and if so, to what extent?
~ Fo satisfactory explamation of the Bouble rings seems to be availadle, Douliling
ocours in the seale of the pilehard ale (Page). So far mo g-mmm reason
has been sdvenced to hd_no::"en to believe that the prominent and fel nt vlldp are.
of different -ﬂ&?—i" and that & pprticular ebdsclute degree of prominence sepa-
rates ho winter from the summer ;rlus.

The writer has at various ﬁ-- kept herrings in confinement and in one
of these exporiments the herrings lived for three years in the seawater pond of
e Tishery Board Laboratory at Aberdeen, Sectland, A number of small herrings
were captured inm August, 1',1’7,&;4 ‘trensferred to the pond, These herrings,
Wiich renge in size from 5.5 = 8,2 em., occur in large numbers each year st
Aberioen, The herrings placed in captivity were mot measured at the time. et
18 the age of thess herrings? Some of them show & ring on the seale. Whether
the ring s to be regarded es & winter ring the writer is not sble to decide.
I% 18 not so prominent as the winter ring of & large herring, but one cannot

$Xpeet so prominent a winter ring 1580 small & seals.



The herrings were fed regularly with chopped mussels, which were eaten
1,.. As far as could de judged by the eye, they grew at an approximately
rate.
Two yours later, viz. (July, 1919), one of the herrings was exsmined.
measured 21 cm. in length, (meesured to the middle of the fork of the tail).
seales taken from this fish were kindly examined by an experienced uth
cﬁ.ty to whom aeither the length of the fish nor its history was mmd.
gave the age as at least 2 yrs. That means that he could not ‘tell whether

the herring was 2 or 3 years old.

A test was applied io three sceles of this fish, The attompt was mde

%o ascertein the length of the fish when the first ring wes farmed. -The first
seale gave 7.8 om., the second 9.8 em. and the third scele 5.5 om. as m length
of the herring when the ﬂrot winter ring vas formed, The question lrhn. is
.l right in the ulnth: of the first winter ring? !t one hd only vne soale
"tb fish to examiid one could have no doubt on that point, It is only when
'” examines several ml.n thnt he begins to doubt his selection, that is to
ﬂ. if he accepts th M, becsuse if the theory is valid, the first winter
ring should be made on all the soeles et the same tims, If now one finds that
the first winter rings were formed at different times on different scales he

is forced to the conelusion that they are not wimter rings. If it be mai ntained
‘that the eorrect winter rlna were not selected on theso scal es, then what are
the eriteris by which one ocan select? 5o far the writer has endeavoured to '

~ follow the method desaribed by Dahl,

A year lster smother of the pond herrings was killed. It measured 23.4
em. ilhlgﬁ Senles tukufmttnumt totnutwunﬂaod-uh

- Peaders., Thay read the ualu indepenietly and gave the age as 3. What is

-\'-

Reant by 3 4is not elur. but in any case an exact age is not given,.
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¥When one comslders the difficultiecs which are inwlved in the seale
one mey ask what advantage 1% has over Petersen Length Method, whereby _
range of size of successive year-classes is supposed to be obtainable. Lea
affords material for an answer, "As & Tinal example, I shall show the results
age investigations in & sample of young herrings (spring-spewned) esught in
north of Norway during the sutuma of 1909.*
The eriticism of the writer hes been directed to the pructicability of

's methods It is not proved that the winter ring is an annual ring farmed
4n & definite semson, If smmual rings exist ‘m eannot recognise them by definite
d unmistakable characterse

If it proves possible to tell the age of th‘ herring in an exect number
of yoars the results will be of mioh valus, but if the estimstes heve to be
faken with & mumber of reservations end if different cbservers cennot be certein
$hat they are diseriminating the winter rings arisht, 1t will lesd to eonfusion.
,WI-lluthc"i among whom may be cited Sehnelder, Delsmen and W,¥. Thompson
(with Feferense to the Pacifie herring) offer cogent criticisms snd deseride
@ifficulties and d1sabilities of the method. Les, who has %o some extemt become
the chief sponsor for Dahl's method, sné who u to be congratulated on the
‘8laborate and laborious tests which he has carried out, himself sdmits the
difficulties which he has met with and which he has enieavoured to surmount.
The real defect s the want of experimental preof. Such can be obteined from
herrin, kept in confinement and would mot be a very difficult mecomplishment.
, It would mesn a poricd of years before the results would be avellable.
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