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Introduction

Recent controversy about the allocation of pre-spa~ning concentrations of herring
in the northern and contral North Seu to their spavming cor.~unities has centred
attention on the interpretation of maturity data. To interpret this vnth any .
confidcIlce u time scalc for translating maturity stages to the time of spawning is
indispens~b1e. At the meeting of thc Working Group on Hethods for Uorth Soa herring
held at Hurr~urg in April 1962 a paper on this subject by T.D.Iles considered this
problem. This paper ,vas received vnth considerable interest, although ~~th sone
reservations by those workers prcsent at this meeting and it v~s roco~:'ßnded t~ut it
should be presented to the .uder forum of the Herrir~ COIT~~ittce in 1962. It ~~s also
recoITmendcd that other countries with suitable data bearing on this subjoct sho~ld also
be invitcd to present it ut this meoting.

To measure the duration of m~turity stages ~~th uny confidonco from the m~turity

composition of co~ercial catchos denands that tho stock samplcd be a pure one, er if
mixed that the individual fish can be alloc~ted to their respective spawning groups;
that tho stock bo fished throughout thc muturation cyc1c und that tho catches through­
out this cycle should be represenhl.tivc of thc muturity composition of tho stock.
These conditions are not met in the herring stocks fished by Scot1and in thc lJorth Seu
where the proportions of northern, contra1 and southorn North Seu sp~vlIlers Qr.longst thc
prospavlIling concentrations is at present unlcnovlIl und tho subject of J~uch controversy.
In the Firth of Clydc, hovrover, there is 0. stock of fish which fulfil1s th~so

conditions as closoly as c~n bo reasonably oxpocted. This is 0. spring spa"ming stock
which hus boen studiod by Scottish ~orkors ~~th vuryinG intunsity ovor u considerablo
nu..-nber of years c.nd whose biology is fairly '.\"011 knovm. (i"lood 1960, SD.ville (in press)).
It in true that tho indigenous sprinG spuvlIlinG stock is mixed ut times vnth an uutUL~

spuvming component of unk~ovm origin but this alv~ys ferms n quito inconsiderab1e p~rt

of tho total ca.tch ~nd uutumn spamline; fish can in uny casu bo oxcluded b~/ otolith
chuructors. It is vdth this stock that thc major p~rt of this paper deals.

Mothods.

The material uvuilublo covors tho period froo 1930 to 1961. In the poriod from
1930-1959 sumpling ~7~S rathor irrogular c.nd thc material availablo is not large enough
to pornit thc tre~tnont of individual yeur classos in ouch yoar of lifo. Tho datu has
accordingly been groupod into t~o poriods, 1930-39 and 1949-61. In the pre-~~r period,
whon sumpling v~s loss intensivo, tho duta hus been considorcd on a monthly basis for
fish of euch ago-group. Post-w~r it has been possiblc to troat on 0. fortnightly timo
scale. The split into prc- und post-war periods hus becn mude because thc change in
time of first muturity which took placo bet~uon these two periods could be expectod to
have hud some influonce on the maturution cyclus (Suvillo, in press). Only femules
huve been considered. Femulos vnth t~o, threo and more tha.n threo vnntor rings on their
sc~los uro troatod sopuratoly bccause of tho spread of first recruitmont to the spuvming
s11.oo.ls Over those ugo-groups in the pre-,~r period.

Fish have been co.tegorisod into muturity stugos uccording to the Hjort c1ussifica­
tion. This is düscribod in detc.il so thut tho scule can bo comparod und the st~gcs

üquatod ~nth thoso of the Heinkc scale vsod by llos.

In general terms these stages correspond f:ürly closely with thoso of the Hoinko
scale. The muin difforoncos Ure thononillifforontution of muturing virgin fish fro~

recovering spents und thc ~bsonco of intormcdia.te stages.

For e~ch ugü-Group und ouch poriod considerod the porcontuge of the sumpled fish
in oach m~turity stage '\\~s co.lculut8d ::md plottod on u. time scalo.
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Hjort 1hturity Scale

Description

stage

.,.1 Virgin individu~ls.

or ~~bor coloured.
Sexual org~ns srr.all; broadth 2-3 r,m; clcar vrino

No cggs visible to naked eye.

•

11 Kuturing virgins er recovoring spents. Di~etor noarly I cm. Lcngth
slightly ~ore thun h~lf length of body cavity. Eggs s~all, unyolkod
visible te nukod cyc.

111 Organs occupying about half of body cavity. Eggs yolkod, a~bor

colourod.

IV Organs filling two-thirds of body cuvity. No trunsparont cggs present.

V Organs filling body cavity. Sa~o, largo, tr~nsparent cggs prcsent.

VI Spo.vming prosont or in;,.inont. !Jost of eggs l~rge and transparent.

VII Sponts - Organs blood-shot. Largo residual cggs prosent.

Tho ~~turution Cyclü.

Spu....ming in tho Clyde finishes in April <.:.nd accordingly it is nost convonient
to consider the sCQsonal cycle of maturtltion QS starting in tho.t month. For two
ringcd fish tho prcponder~nce of fish in April, ~uy und June are in stage 1. In July
most of these pass into stago 11 und this remains thedoninant stuge for this age-group
until !jovember. In Noverr.bor nuny of those fish entor stage 111 und ulthough fish in
stugo II are still cuught in approciublc numbcrs until Junuary, during november,
Docembcr o.nd January stage 111 in the do~nant ono. In two ringod fish stages IV und V
navor form 0. major constituont of tho cutches. Stage IV reaches its grc~tost ropreson­
tation in Janu~ry and stago V in Februa~J or March but in these months fish in stage
VI deninato the cutches (Fig. 2). In the prü-v~r period tho chief difforence in the
maturity composition for this age-group fro~ that obtaining ncw v~s the grcator
prolongation of the dOr.linunce of in~uturo fish into October. Thoroufter tho ~uturity

composition of this group in tho two periods ~ore very similar (Fig. 1).

For threo ringed finh in tho post-vmr poriod stuge 11 is the dominant ono from
Vuy to August ~nd is still reprüsented in consider~blo nQ~bers until Octobor. Stage
111 first appours in tho catchos in August und domin~tcs the ~~turity composition in
the cnsuinE four months. Stug0 IV is to be found fr~1 September to Fobruury but is
most prominent in Doconber und Janu~ry. St~Gc V ns in the youngor fish is navor a
dominant stage. Fish in stage V are tukan fro::l November to February Vii th the highest
ropresentution in January and stuGo VI cO::lplctely dO::linatos the co.tchos in February,
Ha.rch und April.(Fig. 4). Pro-\~r tho rr.uturity cyclo differed principully in the much
groater proportion of stago I horring in the catches in r~uy, June ~nd July und in tho
goneral tondency for the maturity composition to be loss advanced ut uny givon time in
the souson (Fig. 3). .

For fish ....rith four or more rings the pro-v~r and post-v~r picturos ure vory
similar u·s vTould be axpocted .in thut the rocruitmont chango would havG littlo influonce
on older fish. Fish in stuge 11 absolutcly do~inuto the c~tchas in tho period l~y­

August. In September stages 11 und 111 are of almost cqual abundunce und in October
these two stages are still the only ones caught ....ri th stage 111 about thrce times more
o.bundunt thun stage 11. In Uovo:rr.bor nnd Decombcr prtlcticr.lly all this uge-group are
in stuges 111 and IV with stuge IV forming about two-thirds ef the c~tch. By Junuury
stuge V hus begun to appear and continuos to bo caught through to ~urch. In January
sta.ge V mo.y form up to 50% or tho cutch, but in the later months the s~mplos as in tho
youngcr fish are o.lv~ys dominuted by spo.vmurs (Fig. 5 und 6).

Apart fro::l the greo.ter provulenco of stage I amonßst the younger fish the mo.turity
cyclcs for the threo age-groups considercd do not differ rudically. Thera is 0. slight
tendency for mo.turity to be more advo.nccd at uny givon ~onth in oldor fish thun in
younger onos but this is not murked onough to be givon much significunco.

The Duration of ~1aturity Stages.

From duta of this naturo there ~~uld uppear to be two possible upprouches to
estimuting the durution of stages in the muturation cycle. Tho first is by following
tho time intorvuls betvreon modos in tho occurrence of succassive stages, thü sacond is
the technique used by lIes of mousuring the areu undor the curve of thc perccnta.ge
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of euch stuge plotted uguinst time. If thc eonditions which allow the duration of
muturity stages to be measured at all by such duta are complied vnth each seoms equally
applicable und they should give upproximately the sume result. lIes' technique has
the advantage that it gives rosults which aro at least apparently more accurate wheroas
by follo~~nb modes tho time intervals cannot be finer than those into ~nich the material
is grouped. This apparent advantago is probably largely fictitious; tho inaccuracies
inheront in grouped data are still present. In any case, for assossing to which
spawning group fish in intermediate maturity stages belong, an accuracy of bottor than
a fortnight is largoly irrelevant. Both tochniques havo been appliod to tho prcsent
dnta.

From Figs. 1-6 thü timing of tho modes of thc various stages for the three age­
grcups eonsiderod in the pro- and post~vnr poriods ago given in Tublc 1.

Jablo 1.

scgtskge -groups!
Period I (rings) I

I I I Ir III IV I V i VI

I 'I 2 !MaY-JUne l

l
'Aug.-Oct. IIr Nov.- I Jan.l II Jan. II Feb.! II Fcb.-II:1:':arc~

:,: 1949-61- 3 ! - Ir !.';ay-I Ji.ug. I Sept.-lI Dec.',1 I Jan. II Jan., II Fob.I Apr. I
4+ ! - II\~ay-Aug. . I_I_S_O_P_t_._-_I_D_ü_c_.;..._I_I_D_e_c_._-,--_I_F_o_b_._,_I_I_F_Ob_._-1_I_'!i::l._r_c~~

, I 2 I May-June; Sept.-Oct. Nov.-Jan. IJun.-Fcb. Harch I !iarch

e
l 1933-39 \1 3 !Muy-Junol Aue;. -Sept. Oet. I Jan. I

1
Feb. '1 1,;:...reh

4+ i i 1;ay-Aug. Oct. I Jan. I Fab. , 1.~rch-Apri1
.! ': I I

Then taking, for exunp10, the length of time bet~~en thc modes of stago rand
stago 11 as beine; tho durc..tion of stage I one gcts tho cstimates for tho duration of
tho various stages in thc age-groups and poriods considorod givon in Table 2.

Tllblo 2.

?
?
?

VIV

- "lOoks
4 11

4 "

6 wooks
4 "
1: 11

6 ..,.rooks
13 11

13 "

11 Irr IVI

18 ..,.rooks 'I

13 "

i

2
3
4+

1933-39

,----------':""1-------------------------------'
1 s tag 0 s !
\ ~l.ee -groups+-'-----.-----------r----~---------_+

Poriod I (rings) I

n1949-61
2
3
4+

14 wecks I
I
i,
I

13 weoks! 5 wO(;jk~ i

14" I 9 'n· '"'I'
15 " I 10 "

4 vlOeks
2 "
8 "

2 '\-'\fecks
7
3

?
?
?

These figures ure rather vllrinble oven botvreon the SQ~O age-groups in thc two
periods. Thoy are, hO'Kcver, sufficient1y consistent to 0.1101'11' some cOl1clusions to bo
druvm. The absence of stage I nmongst 3 ringed fish in thc post-v~r poriod is the rosult
of tho ~ceeleration in muturity 1co.dinS to fu11 rccruitmont to the spavflling shonls as
thrce-yoo.r-olds in the post-,~lr period. Spents nover ferm other thc..n n negligiblo
proportion of the Cl;ldo clltches u.nd uccordingly no ostimato ean bo m~\do, on this basis
of thc dura.tion of stuge VI. It wou1d apponr from thc dnta givon in Tablo 2 that thore
is a genoral tondcncy for maturntion to be an accolernting procoss, tho stages beine; of
progrossively shortor durntion as one ascends the maturity scale. Stago V nppcars to bo
tho shorteot scale ovon on this basis and an cx::tmination of tho snull part which this
stage p1ays in the muturity composition (Figs. 1-6), would tend to suggcst thut its
durntion is probably over-cstimutod by this mothod.

Tho tcchniquo udopted by 110s has also been npplied to tho eurves of Figs. 1-6.
Tho area under each of the curvos for each muturity stage has been measurod nnd expresscd
as u fraction of tho total aroa undor all mllturity stage durves of that age-group for
tllD.t period. This is thon tuken as the fruction of thv year spont in that stage of
maturity.

Estimatos of the duration of maturity stages prepnrod in this w~y are given in
Table 3.
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! I
,

:~go-groups
I

Poriod I s t a g 0 s l:
;\ (rings) , II

I I II, I

Ii I I II III I IV I V I VI
!
I

I

. 1 2 188 55 51 22 3 46

;1933-39 1 3 43 129 69 58 1 66
4 I - 122 55 88 9 90

I
:

2 108 131 57 I 21 2 46
'1949-61 3 9 134 C4 48 14 77

4 - 146 90 56 135 38 !I

These estimations do not difror ro.diea11y frc~ those dorivod from thc progression
of modes giveu in Tablo 2. They too point to a general tendoncy for a shortcning of
stage durution in succossivo stages up to stage VI. Tho lcngth of stuge VI dorived by
this mothod seoms vory longe This is probably partly duo to tho fuet that ut this time
the fleet concoutrate on sp!l,:ming fish und as sponts soem to nove off the grour:.ds
iIr.Jnediatcly uftcr spu...·ming und are virtun.lly unrcprcsented in tho cutehcs thc represon­
tation of sto.ge VI fish tonds to bo over-enphasised in the sunplos. Howevcr J extensive
lo.rval sumpling over the spavming grounds has shc'l,'m that tho peak of hatching novor
oceurs beforo the middlc of lhrch. As ripo fish are takon in grautest uhundance in the
socond half of Fobruary this would suggest that stage VI normally lasts for severn.l
vrocks.

The vride variation in the duration of stages I und 11 in tho pr~- und post-~~r

poriods Qnongst two ringers is undoubtedly due to tho cho.nge which ho.s occurred in tho
o.go of first maturity. It seoms likoly thereforo that the post-v~r figures for 2
ringors bottor ropresont the durn.tion of stages of fish which TIil1 spa~TI as three-yoar­
olds. A foature of these results for which no explanution can yet bc given is thc
o.pparcnt tendoncy for sto.gos III-V to be passod through much more quiekly in first tinc
spavmers than in oldor fich. The consistoney of this in both periods suggests J howevor J

that it has not simply rosulted from an ubbopation in sQnpling.

Discussion.

The only other dn.ta beo.ring direetly on the duration of maturity stages in
herring .rith whieh thc figuros deduced above can bo compared aro those given by lIes.
Tho nost diroctly comparable of tho figuros givon by that o.uthor uro those for N.Shiolds
whieh are o.lso for fenales und for three-yoar-old fish. Thcy ure thus diroctly .
eompo.ro.blo vrith those givon here for Clydo 2 ringers apart from tho fuct thut one set
of duto. rofers to an autumn or winter sp'.1.vming race and the other to u spring spuvming
one. It is olour tho.t in stages I J 1-111 and 111, which o.re oquivo.lont to sto.gos I J

11 ar~ 111 in tho present dn.ta J tho timos givcn by lIes o.ra considorably shorter than
those deduccd o.bovo. This may be a raciul diffcronco bet~eon the two spo.vming groups;
both groups uppo.rontly sttl.rt the rr..n.turation cycle ubout tho same time und tho spring
spo.vrning group have rathor longer in whieh to ccmploto the maturution proeess. It must
bo admitted, howevor, thc.t in culculating tho durQtion of stages I und 1-111 from his
basic datti Ilos had to rosort to u considorable u'':lount of extrc..polution Ylhich muy o.ccount
for some of tho discrepancy in tho durution of these stagos botvi'Qon tho two ro.ces.
Tho differoncos bot~roen tho estimo.t~G for stuge 111 betwoen tho t~o spnvming groups
o.ppcars explico.bl0 only by 0. real differenco in tho maturc..tion eyclos. Tho duro.tion
01' stago IV corresponds vory closoly botvrocn tho two sots of duto. - ussQ~ng stage IV
on tho Hjort sculo is equivulont to 1105 1 IV + IV-V.

Tho most strikinG und most important discrepancy bet,:~en tho two ostimates of
sto.go duro.tion howevor is in stagu V. The poor reprosento.tion of this stuge in all the
present dato. must lead one to concludc thc.t this stago in tho Clyde herring is a vory
short one. Only in four ringod fish in tho post-v~r period did tho estirr..n.tod duration
oxcoed tWO vrocks; o.nd this set_of duto. is thc most suspoct in that it is basod on
rather inadcquato numbors of fish. Our knowlodgo of tho biology 01' this stock und of
tho modo of operation 01' tho fishory co.nnot suggost o.n~ bias whieh would result in such
0. gross under ostin:ltion 01' tho proportion 01' this stago in tho population as nust hava
occurrcd if this ~r~s thc sto.ge in ~hich the fish ovar ~~ntcrod for two months or more
as lIes suggosts.
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It ~ust be re~enbered that the basis on vmich lIes deduces the duration of etage
V for his North Shielde fish is very different from that for other stages or that used
in the presont co~~unication. In the Shields data 0.11 contact is lost with tho stock
fished after August when the fish most udvanced in ~aturity are in stage IV-V. Tho
duration of stage V is then oeti~~tod on thc aes~~ption that thooo fiGh subsequently
spa.rn in the Channel in mid or late Nove~~er (Burd 1958). Burd's relationehip betwoen
N. Shields and E. A..."l.glia is~ however, based on fish of maturity etage less than IV in
July, beinß subsequent Do,vns spavn1ers whilst the fish of highcr naturity he bolievos
to be Banks fich. It appours~ therefore, thut on this evidence the N. Shields stock
is 0. raixture of two spu"ming groups and this, if correct, is bound to throw some doubt
on the reliubility of naturity stage duration estiITAtod fron this stock. Tho busis for
estimuting the duration of stugo V would appeur even more dangerous. Burd's link
botvreen low maturity fish ut Shiclds in July und August Ul1d tho Do~ns spa,vning stock
is bused on a similarity in 11 distribu~ions und u correlation bot~uon ubundunce indices
for thc tvlO fisheries which requiros the introduction of oxtorno.l fü.ctors to explain
some discrepo.nt points. This does not seem sufficiontly strong evidence of idontity of
these two stocks to deduce u longth of stago V so very different from that dcduced fron
more firmly bused duto.. Ilos points out tho closo rolutionship bet1veon tho durution
of naturity stuges up to stuge V in tho N. Shields and Buchan aroas und the similurity
of thc nuturity composition of tho stocks fished by tho two fishorios in July. The
stock of throo-year-olds fished on tho Buchan grounds in July is kno~n to spuvrn
prcdominantly in August und September. It would seom moro rationul to assuno thut the
Shields fish ulso spa~n in thoso ~onths on the nearby spuvming grounds ut Vfuitby and
on the Dogger.

The ovidonco used by Ilos for a 10nG sto.go V for vnnter und spring spavmers is of
0. liko nature. The link betweon tho stage V fish on the Smalls ground in Soptember and
thc spa,vning fish ut Duru~oro is not stron~ enough tu draw far roaching conclusions
regurdin~ tho durution of nuturity stabes fro~ it. SiuilQrly, thc dutu for English
inshore spa~nors is bo.sod on ruthor 0. smo.ll nu~ber of fish und dutu to support the
contention that these fish do o.ctually spawn botv.oen r.Iurch und r.:uy o.re not givene

There are in the litoraturo, however, two sets cf dnta ~hich do seom to supply
u reusonab1y o.dequute basis for o.ssessing ~o.turity stuge durution of spring-spuvming
herring und in particulur for assassing thc length of stage V in such fish. Tho first
of these o.re the datu on the Lusterfiord herring presented by Ausen (1952). This is
in mo.ny respocts the ideul duta for the purposo o.s it w~s collectod fro~ 0. stock of
herring isolatod in 0. fiord und vrhore o.ny "strange" fish differed so radico.lly in
meristic und grov~h chatacteristics that thoy could bc reudily excluded. The stock ~~s

kopt under observation throughout un entire cycle although it is o.d:raitted the snmplos
tondod to be rather snull. From. these data, on 0. fish stock spuvming botween l':urch and
I\~uy but principo.lly in April, Auson ostinates the durlltion of stage IV + V us boing about
two months. Even assuning thoso two stagos o.re of equal duration this would givc ono
month for stugo V. In fuct Ausen ir&ors~ as wo huve found for Clyde herring, that
mo.turution~ at least fro~ stago 111 to spu.ming is an o.ccelorutinß process so it is
probo.bly considero.bly loss than this.

Tho other set of data which is of so~o vulue in this connection is that pro7ided
by Nuunov (1956) for Hurr:-.ansk horring. This consists of tho porcontuge mo.turity
compositions during each month of tho your for this spring spuvnrlng fish stock. Tho duta
o.re unfortur~toly not split by ago or sox groups so that 0.11 that cun bo got is un
indicution of the meun lengths of stages for tho population us n wholo. Tho maturi~y

scale usod is that of lh~~ov (1939). This is u scule vnth only six stugos from i~~aturo

to spent individuuls. Tho critcrio. used in discriminuting bet~~on nuturing stages ure
bo.sicully similur to thoso of tho Hjort scale o.nd it is possible to equute Ku~~ov's

stußos with those of Hjort. Tho mnturity composition duta he ßivos hore havo been
trouted by tho lIes tochnique to givo the stage durutions of Tublo 4.

II III + IVStuge I

55 175 53

V

29

VI

24

Vll

29

It vJill bo observcd thut in these d[;.tu, o.s in -that previouely givon for Clydo
spring spavmcrs and as can bo also inferred from Aueon's dutu~ fish spond 0. lon~ tine
in stuße 11 and thereufter successivo sto.ges o.ro pussed through in u progressivoly
shorter time up to spavming. This also 500ms ta bc so far lIes' dato. far uutunn Gpuvming
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fish in thc north-western North Seu und in tho rlinch. It would thon appear that in
both autumn und spring spuvnnng stocks ~here the spavnning stock can be related with
some confidence to the earlier maturity stages this pattern of maturation h01ds.

Abstract

Recent controversy rcgarding tho allocation of pre-spa\vuing herring in tho
northern and contral North Seu to thoir spa~nüng communities hus focused attention on
the duration of reaturity stages. The Clydo herring stock is one in which these
durations can bo ITnasured ~~th some confidence bccause of its sclf-containcd nature and
because it is fishcd throughout the entiro maturation cycle. Thc durations ostimated
suggost that fish spend a major part of tho ycar in Stage 11 und that successive stages
up to spavnllng are passod through in progressivcly shorter periods. This is in conflict
~~th thc findings of lIes who postulates u prolonged stage V for vnntor and spring
spavrr.dng herring. This conflict is discussüd and supporting evidencc for u shcrt
duration of Stage V is citcd from othor stocks.
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2 Ringers ~ 1933 - 1939 CLYDE

Stg.I ~- 0

Stg.III ()----o
stg. V t)- .. -()

~----t\ Str;. Ir
o··· ..·..··········· .. lt Stg. IV
e- .... · ---n Str;. VI

b
\
\

40r

I
I
I

I

::[
I

I
I

60'-

Figura 1. Percontaee ~~turity composition cf
2 ringod f0mnles 1933-39
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2 Ringers 0 1949
Y-

Stg. I :..r----.:) Stg. 11 "'---~
Stg. III .J-.---.() Stg. IV S···· 4·

Stg. V ()-.~) Stg. VI «l'--.'._~.

•

• 60

70 __

401

10

.--_._--_.

Figure 2. Pcrcontngo ~3turity compositicn of 2 rirtgod
fCffio.1os 1949
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Figura 3. Pcrccntago IDnturity composition of 3 rir~~d

fCilia1cs 1933-1939
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