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It has been assumed that herring stocks differing in the time of spawning
will differ in a similar way in the time over which they will mature and that
at 211 times or at specific times individuals will differ in their maturation
stages and the stocké in the distribution of thesc stages. This implies
that the process of maturation and the act of spawning are part of the same
continuous physiological cycle, the one following the other without a pause

or break. Assunptions such as these are thoe basis of the separation of mixed
spawning stocks, -fish at lower maturation stnges being assigned to later
spawning stocks and thoese at higher maturation stages to carlier spawning

. stocks (Burd, 1958; Symonds, 1960), or of the identification of spawning
stocks. Thus stage V fish on the Dogger in August, September and October
have been taken to be Dogger autumn spawners (Polder and Zijlstra, 1959
Baxter and Hall, 1960), |

‘Therc are, however, no relicble cstimates for any stock of the duration
of the maturation cycle or of the stages into which it is divided, and therc
is even some confusion as to what is meant by duration. Naumov (1956), for
instance, gives as @he duration of a maturation stage for the Murmansk herring
the period over whichk it is most often or usually recorded, and a similar
critorion is used by Aasen (1952). The information reguired is the time
spent by the individual fish in each maturation stage or, for a stock, the
mean time spent in each stage by individuals in the population; wunless all
individuals mature together in exact phase, which is never so, this will

. always be less than the period over which it is found in the population as a
whole. To be able to describe and discuss mituration quantitatively it is
necessary to know not only the duration of the stages for individuals, as
defined herc, but 2lso the extent to which the population is out of phascj
this communication describes a method for investigating these and discusses
the results obtaincd by applying it to data from a number of different herring
stocks. Although it is rcalised that the data in many instances are rela-
tively sparsc and maturation stages are not always strictly comparable,
sufficicent information is available to draw some general conclusions and to
discuss somc spccific problems. ‘

METHOﬁ

The probability of an individual being captured while in a particular
stage of maturation is proportional to the duration of that stage. Random
samples taken from a mature population which breeds with equal intensity
throughout the ycar will give numbers in cach stage in proportion to .the

duration of each stagc, and the relative durations can then be calculated.
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If the total length of the reproductive cycle is known, for cxample if it 1
is known that individuals breed once cach ye=ar, the duration can be calculated -
in absolute time units. For such 2 population Fig. 1a shows the percentage .
numbers of each stage during a period equal to onc reproductive cycle. The,f
duration of each stage is calculated as the arca under its curve in approxi—f
mate time units. If breeding is seasonal and cvery individual is in exact
phase, then at any onc time only one stage will be recorded, i.c. at a level
of 100%. Fig. 1b illustrates thiss the duration of each stage is the period

"during which the stage is rccorded or, agzin, the area bounded by the curve
for each stage. ‘

Naturally occurring populations resemble neither of these modelss
breeding ié usually seasonal and individuals are not all in phase, as is
shown by the occurrcnce over the maturation psriod of more than onc or
several stages at the same instant of time. Under these circumstances a

plot of the percentage in cach stage of the total number recorded over the

cycle will give a geries of curves as in Fig. 1¢,  The curves of maturation
stages rise to a maximum and fall off, but in esach case the mean duration is
again estimated as the area under the curvce.

Because percentages arc used, mortality over the maturation period will
not affect estimates unless it can be shown that at any one time it is higher
or lower for some stages than for others. Ior is it necessary to cover the-
vwhole maturation and spawning cycles the duration of any stage threugh which
the population passes during the sémpling period can bs eqtimated'indopendently.

Data are available from several herring‘fishoriés in a form which allows
estimation of the duration of maturation stages for the populationé exploited
by the fisheries. The curves obtained agroe with the types given in Fig. 1cg
for instance, they are in general symmetrical and in some cases this allows
extrapolation with relatively little error, even if they arc not complefe.
North Shields fishery o ' |

"The North Shields fishery lasts from about carly May to about early

September. Since 1950 two or threc samples a weck each of 100 fish have
been examined for maturation and a large body of data is thercfore available.
The data for 1954 and 1957 to 1961 have been analysed for both sexes sepa-
rately and from 1953 to 1961 for both soxes combined. » :

Three year olds only were considered (i.e, with two winter rings and a
third growth zone), from samples caught in the general arca centred about
30 miles north-east of Tyne. Later in the scason fishing takes place also -

to the south-east of Tyne in the Whitby arca, where an autumn spawning s#dck

is found. Samples from this area are not included; as they would represéntQ
autumn spavners alone, whereas the North Shields fishery proper is based on a
nixture of both autumn and winter spawncrs. Burd (1958) estimated that in
July the winter stock predominates, forming 80% of the whole for the threc’
year olds. ' - .




" The data were combined in fortnightly poriods dosignated May I, II,
June I, II, etc. and for cach period the percentages in each stage were
caleulated. The mean percentages for. cach period for the years examined
are plotted ' in Fig. 2 and Fig. 3 for the males and females respcctively.

The arca under each curve representing 2 single stage is a direct esti;
mate of the moan time spent in that stage by individuals of the population
represented by the fishery. Complete curves can be drawn for stages III,
III-IV and IV, and for stages I and I-III they can be completod with little
error since they are the only stages prescnt in the early part of the year.
Extrapolation gives for both scxes a time in M~rch when the maturation cycle
can be said to begin,

Table 1 Estimated moean duration (days) for North Shields three vear old

herring
Maturation Stage I I-III IIT  III-IV Iy -y ‘oped oiid
~Males . 56.9  Lh.L 16.8 Le6 15.6 4.9 " 86.3
Femalos 55.4  52.3  27.5 6.1 16.8 9.2 111.9

In particular we note that the spread is similar regardless of the
estimted duration (compars the curves for ITI-IV and I-III) and that the
maximﬁmlﬁcrcentage is greater for the longer stages. The curves themseclves
aré ﬁnimo&al; If two scparately maturing populations differing greatly in
eithor the bhasing or the duration of stages were present it would be expected
that some. of the curves, and particulérly the latcer ones, would be bimodal,

The stages arc based on Heincke's scale (sec Aasen, 1952) and are here
described.;

I - Virgin herring. Gonads very small, 2-3 mn broad ovarieslwine

red, torpcdo shapeds testes whitish or grey brown, knife shaped.
I-IIT Virgin herring. ‘Gonads mofo of the form of those of adult fish,
but still emall, 5-6 mmj; cggs not visible.
IIT  Gonads more thick and swollen, 1-2 cm broad depending on fish sizes
ovaries ycllowishy cggs visibley testes greyish. =
III-IV  Intermecdiate stage. ’
IV  Gonads almost as long =as the body cavity; ovaries orange or pale
ycllows cggs uncven gize, opaque; testes whitish.
IV—V. Intermediate stage. '
V  Gonads £ill body cavitys ovaries yellowishy eggs round and some
hyalineg testes milk-white.
VI Flowing roc and milt. | _
VITI Spent herring. Gonads slack; ovaries blood redy testes greyish
reds cggs or nilt still prosent. T
IT Rocovering spent herring. Gonads in firmer cchdition, about 1 cm
'broad; no sighxof cgesg  colour, dark wine red. f

The average time in sﬁ;gé I spent from mid larch is 2lmost the same for

both scxes, indicating thaﬁ m3turation begins at about the same time, but the
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males moture more rapidly from I-IIT onwards and they reach-stage V about 25
days carlicr, This higher maturation rate is roeflected in the marked pre-
ponderance of males at stage IV and above in July - a feature of 2ll the years
studied. It i difficult to compare maturation between the scxes since the
process differs markedly in respect to gamctogenesis (Bowers and Holliday,
1961), but it is likely that the diffcrence is onc of increase in size of the
gonads, the male gonad growing more quickly. Holliday (in prcss) finds that
the male pbrtion of the gonads cf hermaphrodite herring is cytologically more
advanced than the female and suggests that the femnle is less sensitive to the
action of the pituitary. This indopendent.cvidence confirms' the conclusion
recached on the basis of costimates of duration of maturation stages, but the
North Shields data show that the difference is manifested at all stages of
the maturation procesé'and is not coﬁfihed to the later stages when the action
of the pituitary becormes cvident (Holliday, 1960).

Maturation and gonad growth

The eggs to be spavned in the currcent scason are segregated very carly in
the maturation cycle at étago II (Hjort Intornational scale) when the follicles
are formed (Bowers and Holliday, 1961), and develop more or less together.

It follows that cgg nunber is leGd or at lecast limited very carly and mztura-
tlon can for the female be rclated directly to 1ncro~ue in egg size. Mrs.

A. D. Woodh 2d has kindly made available data on Cé\ size for North Shields.
herring at different stages of maturity. The mean dianmcter for cach stage
(from sectioned matorial) is converted to volume, in arbitrary units, and in
Fig. 4 is plotted on the timc scale for the North Shiclds female three year
old fish. The volume at stage V is indicated by a horizontal line A B. This
is the growth cﬁrve for the female gonad and it would eppear that the absolute
gonad growth rate increascs markedly over the later stages of maturutlon,

indicating that the gonad is provided with a proportionately greater share of

the available food materials. Whothor this involves a decrease in the
available material for bedy growth is not known, and the possibility that
seasonal growth and maturation are mutuzlly inhibitory is worth investigation.
It is possible from the gonad growth curve to estimate roughly when
stagélv is reached by the North Shiclds population of threc ycar olds as a
whole. Extrapolation of the curve to meet A and B gives ninimum and maxirum
cstinmites for the mean length of the maturation cyle from its start in
mid-March. The average time for the attainment of stage V for fomales on
this estimate lies boetween 180 and 200 days, which gives 2 time 2t the end
of Soptember: at which 50% of the Shields femzles will have reached stage V.
North Minch fishery ‘
The North Minch fishery offers perhaps the best opportunity for the study

of maturation. The stock cxploited appears to be largely self-containcd and
localised, and fishing is carricd out in cvery month of the ycar except April.
Both spring snd autumn spawners occur in the arca but in recent ysars and in

partlcular during 1958 and 1959 VS counts and otollth studies indicate that



the m2jor: proportion -of the-catch consists of autumn. spawncrs.  Parrish et

al. (1960 and .1961) give the percontages of auturm spavners as follows:

Table 2 Percentage auturn spavwners ~ North Minch

January-March  May~Junc July-Scptember — October-November
1958 87.5 8L 649 87,2
1959 90.2 ThsO 68.6 89
The more merked influx of spring spawncrs in the period July to
Scptember consists mainly of young and irmature fish, and inspoction of the
tables in the Annales Biologiques indicates that the corrclation between high

VS counts and very low maturity stages is such that most of the spring

“gpawners can be climinated. There arc, however, no data for individual age

groups or for the scxos Hoparatdly, end the cstimates for the duration of the
stages are thercfore the means for all fiéh. _ The Hjort scale is used rather
than the Heinke, but even so stdges 111, 1V, Vv and VII can be used to give a
rcasonable cemparison - with the Shiclds informtion. Stage VII-II includes
fish which have been rccently spent and also rcecovering fish in carly stages
of maturation to the time when eggs arc visible, so that it overlaps our
stare IIT to somc cxtent. Table 3 gives the cstimates derived from Fig. 5.
Table 3 Duration (days) of maturity stages (Morth Minch auturm spawners )
IIT - IV v VI VII-IT
1958 32,9 25.0 15.2 6.1 280 (approx.)
1959 21.4 26.2 12.2 3.0

The herring of the north-westorn North Sca

The Buchan prespavning and spawning fisheorics extend from about April to
Septenmber, beginning at about the seme time as the Shields fishory ond ending
rathor later in the ycar - both significant points, In thc 1950's the
najority of thso fish caught were typed by VS counts and otolith characters as
autumn spawners, the remainder being spring spavners of the oceanic herring
group., - Thesc latter were morc abundont in the early part of the fishery and
in thc northern and eastern arcas of the fishery, so that by leavihg out
rccords for April and for landings at Lerwick in the Shetlahds from the
tables given in the Annales Biologiques, we deal prodominantly with the
auturm gspowning stock. For instance, Aberdoen»landings give percentages of
auturn stock as being 90% or above from May onwards and landings at
Fraserborough and Peterhezd show similar percentages (Annales Biologiques,
Vol. X=-XVII). s

The stgging_iquomparable with that used for the Minch fish, as sampling
was carried out at the same laboratory, but there would appear to have been
ninor changes in the system used. Before 1957, for instanco, stages VII
and VII-IT are combined so that. estimates for stage VII are not available
over the whole period: (sece Fig. 6 ). As for the Ilinch data, 2ll age groups

and both sexcs are treated together,




Table L, Duration (daoys) of maturity stages for north-wastern North Ses

- herring . ‘
I I v VI vII
1952-59  17.1  16.1 1.3
1958 16.7  20.5  17.L 5.3  10.8
1959 28,5  27.0  10.2 L2 5.9

The differcnces between the years 1958 and 1959 may or may not be signi-
ficant since there are too many variables involved which cannot be cvaluanted
from the tables from which these estimates arc derived, but Table 5 gives the
mean duration for 1958 and 1959.for the North Minch and north-western North
Seca fish, togcfher with the North Shields mean for both sexes.

Table 5 Duration (days) of maturity stages for herring of the three
fisheries (mean of 1958 and 1959)

111 IV v VI VII
N.W. North Sea  22.6  23.7 13.8 4.8 8.3
N. Minch 27.1  25.6  13.7 - L5
N. Shiclds¥ 22,4 23.3

*IIT and ITI-IV are combined as are IV-V and IV to give the estimatc for
stages IIT and IV.

The similagity between the estimtes of the duration of the stages .for.
the two autumn spawners is striking and the rclative shortness of stage V
indicates that maturation to stage V is followed fairly rapidly by spawning.
The duration of stages III and IV for the North Shiclds fish is similar to
that of the auturm spawners, indicating that they maturc at a similar rate,
since it is in thesc stages that most of tho growth occurs (sce Fige 4).

The 11 distributions of the Shiclds fish have been taken to indicate
that the three ycar olds contain a high proporticn of Channel spawners (Burd,
19583 Cushing =nd Burd, 1961). If this is so thon.any large diffcrence in
the maturation cycle must be the result of a difference in the phesing rather
than in the rate of maturation. Becausc two systems are used, differing in
the carly staées of maturation, we cannot compare the Shields data and the
Minch and Buchan date during the eérly period of the fisheries. We coan
compare the distributions for the month of July, when both show a wide range
of maturation stages including ITI, IV and V which are similarly defined in
both the Hjort and Heincke systcms. v

Table 6 gives the mean percentage (meles and females combined) for the
years 1953-59 inclusive, for July.

Table 6 Percentage maturation stages for July (1953-59 inclusive)

I I(—IIII)I III III-Iv IV IV-Vv V VI VII VII-II
N. Shields 8.5 30.1 33.5 6.3 11,8 3.l 6.3
N.W. North Sea 11.0 21.8 28.8 19.7 117 1.3 14 L6
N. Minch - L2.7 26.8 154 1044




In recent years the three year olds have been predominant in the N.W. North
Sea and the N. lfinch, so we are comparing,'very largely, data for fish of the
seme age. Stage II (Hjort) is cquated to I-IIT (Heincke) and both will
include carly moturation. .

The figures for the North lMinch need further explanation. VS counts
indicate that nearly all stage I fish are spring spawners, but that stage II
fish contain both auturmn and spring spawners. The VS moean for stage IL fish
in July is 56.63 compared with 56.49, 56.51 and 56.53 for stages III, IV and
V respectively. The V8 for all spring spawners is about 57.0 and perhaps a
1little higher. Teking 56.51 as the VS of autumn spawners and 57.0 as that
of spring spawners we cstimate that 75% of stage IT fish are autumn spavwners
and 25% spring spawners. The numbers in stage II given in the tebles in the
Annales Biologiqué are adjusted and the percentages in cach stage calculated
after this adjustment.

Therc are differcnces in the distribution of maturation stages between

tho Shields fish and the other two, which have a higher mcun stage, but these
differences are relatively small and for all three fisheries the perccntage
below stage IV is more than 60, _

If the population exploited by the Shiclds fishery contains a considerable
proportion of winter spawners and if these differ in the phasing of their ‘
meturation cycle by the three or four months differcnce in spawning time the
distributions in July would differ markedly. We rust conclude therefore
that differcnces neither in the rate of maturation nor in the phasing of the
maturation cycle can account wholly for the difference in spawning time. It
will be shown below that winter spawners have a much longer stage V and that
this accounts for a large proportion of the difference.

English inshore spring spawners

The English inshorc herring has beeh"rather'neglectcd in herring work but
its study is of intercst in.the light it throws on mnfuration. It is recorded
frem the southern and eastern coasts of England, particularly perhaps in the
Thames estuary and the Wash, and its characteristics include a low 11 distri-~
bution, small length for age, low VS count, ond 2 spring spawning poriod. Of
the data available at Lowestoft the most intercsting are those obtained from
four samples from the Thames estuary in late 1958 and early 1959. Table T
gives the percentage in cach maturity stage, with other detzils. ‘

Table 7 HMaturation stages — English inshorelerring

Date ~ Area Sample No. I-III III III-IV IV IV-V V Vs
14 Nov. 1958 W. Mersea Goll.1 2 9 L 28 25 32 54.67
27 Jan. 1959 Southend HolM.1 5 6 3 20 13 51 5L.76
23 Feb. 1959 W. lersca H M2 4 3 3 10 7 68 55.03%
25 Feb. 1959 W. Morsoa  H.M.3 0 0 0 6 15 76 54.85

The low VS for each sample serves to identify the population. These fish arc
expected to spawn from March to lay and yet by November over 50% are in stages
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IV-V or V. When the sexes arce scparated, another point becomes clear.

Table 8 Perceontage distribution of maturation stages for Thames herring

IV w-v v

G101 14 Nov. 1958 & 22 10 50
Q 3l 38 12

H.M. 1 27 Jan. 1959 3 10 15 58.
Q 30 5 27

H.L2 23 Feb. 1959 P 10 8 70
ol 6 6 70

H.M.3 25 Fob. 1959 P 5 16 79
o 1M 13 16

The femnles are predominently IV's and IV-V's whereas the moles are IV-V's and
Vs, illustrating again the difference in moturation between the sexes.  For
both sexes the porcentage of stage V is only slightly incrcased by the end of
January, somc two and a half months later, but from Janmuary to February the °
prdbesé of maturation accelerates.  Overwinter conditions slow down maturation
markedly, but even so a large proportion of the population spends some three

months in stage V.

The Norwegian Lorge spring spawners

B . The Norwegian Large spring spawners are fished off the Norwegian coast

in Dosembor and Januzry. Rumnstrom (1941) discusses tho winter fishery for
Norwegién hefring very fully and makcs a distinction between the Largé herring
caught in Decembor and January and the Spring herring caught in Febfuary and
March, both howevcr spawning in the spring. His figure 9 gives data for
December and January for the Large horring. The fishery is divided into four

regions, of which wc consider three which arc much larger than the fourth.

Table 9 Percentace maturation stages IV and V, Norwegian Large herring
(data from Runnstrom, 1941) '

More Trondelag Sogn Fjofdahe | S. ﬁordland
Iv vV . v v v v
December LO 47 _ L0 47 30 L7
January LO 47 LO 47 30 4T

.Eighty to nincty per cent of all fish were in stoges IV or V b& Dccenber
and a large percentage rust overwinter in stage Ve Morcover the percentages
in stagos IV.and V (and indced also in the lower stages) are identical for
December and Jenuary, indicating that no naturation occurs over at least mid-
winter, Wood (1930) discussing the herring caught in the neighbourhood of the
Fladen ground in November, December and Januory sayse that a 1afge proportion of
stage V and "VI" fish, i.e. fish ne=>rly ripc for spawning, arc usually recorded.
These he regards as undoubtedly spring spawners and he infers that sexual
development cormencos some time before the cnset of winter conditions and that
it is far advanced long before spawning time. Watkin (1933),disgussingvthe
herring of the Smalls fishery, also recogniscs that spring spawners may mature
over the previous auturm. ' ‘
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The Lusterfjord herring
Aasen (1952), in dealing with the isolated and characteristic Lusterfjord

herring, includes maturity data for some 1100 individuals unequally distribu-
ted over 13 ronths. For stage VI the data are likely to be biassed; as
spawning is localiscd and the fishermen from whom the szmples were obtained -
know the position of the grounds accuratcly. The high porcentages of stage
VI fish recorded during March and April thercforc imply that spawning shoals
are differentially exploited. For the rest of the period the data arc more
rcprescntative of the whole population, and stages ITT and IV (Hdincke's
system) are of significance. Taking both stages together the percentage
rises from nil in June to 84 in August and from October onwards until
January it is nearly 100, No stage V's arce recorded over this poriod, but
from February onwards maturation proceeds rapidly‘to be followed quickly by
spawning in lMarch and April. Again therc is 2 discontinuity in the maturation
over the winter pcriocd, this time in stage IV mainly and in. stage IIT.

Despite 2 long poeriod during which it might be possible for the wholc popula-
tion to-become synchronised, stage VI fish arce rccorded in the three months
of March to M2y, which implies that moturation is greatly slowed dovm not at
a particular point of the maturation process but at a particular time of year.

The Onega herring

The herring of the White Sea has been divided into scparatc stocks
labelled biotypes by Russion workers.  Of the two types found in the Gulf
of Onega the so-called White Scea herring is dealt with by Mikhailovskaya -
(1957), who gives maturation data for the whole year. The scale uscd is
apparently similar to that defined by Naumov (1956) in which V is "ripe" or .
spavning and IIT 2bout equivalent to IV of the Hjort or Heincke scales. He
doscribes a wintor period from November to March when the majority of fish
are in stege II1 (= IV of Hjort stago), a prospavning period from the end of
April to the begimming of liay when gonad development is intonsive and
III-IV's 2nd IV's (IVFV's and V's) arc predeminent, and = spawning period
from the second half of May until the first half of July. In July and
August feeding is intcnsives growth zones on the scale become cevident and
stages II and II-ITI (III and III-IV) are the cormon stages recordedg then
in Scptember 2nd October the gonads pass in the m2in to stage ITT (IV).

Here is another instence of a spring (or perhaps carly summcr) spavner with
an overwintering stage at o relatively high degree of mrturaticn. Stage IV
is rcached six or scven months before the time of spéwning.

The Murmansk herring

The Murmansk herring spawvms in lMarch, April and lay, with peak spavning
intonsity in April (Naumov, 1956). Naumov discusses thc developmont of the-
oocytes of the Murmensk herring and gives data collected on four cruises in
the Barents and Greenland seas. The data arce rather variable and nonc are
given for December, but the percentage of stage III (IV) rises rapidly fronm
September onwards and Naumov gives the period during which stage III (IV) fish
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are recorded (whlck he calls "duration") as some six months. There are
dlscrepan01eu between his Fig. 12, Table 9 and thc text, in that he states,
"In the auturn the maturation has procceded further, characterised by the
transition from stage III to IV" (Hjort stages IV to V), whercas his Fig.
12 gives stage ITI (IV) as being the most commonly recorded stage from July
to the end of the year, but once again for a spring,spawner a long over—
winter period occurs to slow or halt moturation.

The Manx herring

The spawning of herring in castern llanx waters tzkes place from the
beginning of Secptember until November, with Soptember as the time of maximum
spavming intensity (Bowers, 1952). The spawning stock can therefore be
described as autumn spavners. Data on the maturation stages from the Manx
fishery arc given by Smith (1957) for the years 1945 to 1953 and by the same
author (Smith, 1948) for the years 1923-44. Symonds (1960) suggests that
the Manx fishery cons1stu of thrce components, the-autumn-spawning M=

floh, found on the east and west cozsts of the island, another auturm-

spawning stock off the Irish coz 5t, and a late winter or early spring-
spawning steck found between the Islc of lMan and the Irish coast, the
'5p1wning gfound of which is unknown. The pattern of fishing has changed
markedly in recent years. Until 1951 the fishing arca w2s confined largely’
to the south and west of the island and noar the shore, the castorn side of
the island being worked regularly only for o few deys in September. From
1951 OnW“TdS the tr&dlt10n°1 pattern cha inged and fluctuated. Catches on
the east CO°st tended to become frequent and later in the 1950's the Irish
coas t regicns wore fished as well. The data for the years 1923-51 there-
fore cover a smaller area than for 1951-53 which includes more fish caught
noaref the spawning area. If there is an appreciazble proportibn of non
autumn-spavning stock included in the data it is likely to be of a late
winter or spring spawning type. - This point is made because any bias would .

tend to show up as a hirher proportion of lowar maturation sfages. A
comparison of the mzturation stages between the Manx fish and the Buchan fish
for July now has considerable significancc.

In the Buchan fishery for the period 1951-53, Stage VI herring have been
rocorded mainly in August End Soptehbcr and in 2lmost equal proportions,
indica vting that peak spavming of the Buchan fish is of the order of one
month earlicr than that of the Manx spawncrs. Despite this the percentage
of fish in stage V or above in the Buchmn fishery for July was only 15%
(Parrish et al., 1952, 1953, 1954) whereas for the Manx fishory it was. 59%.
(Smith, 1957). For the years 1945-50 tho porcentage was 32 and it rust be
concluded that the Manx auturm spamors maturc earlicr or more quickly than
an earlier-spawning stock. The duration of stages has becn calculated for

the two periods zond is given in Table 10,

10.



Table 10 Mean duration of maturation stages (days)s Manx herring

IT III Iv V-
1945-50 42 14 17 55
1951-53 21 12 10 65

The differences in the ratcs and phasing of maturation between the Buchan and
the lanx spavners is more than balonced by the length of stage V of the Manx
fish, which on thc available cvidence is an auturn spawner with a long stage
V. It might be possible to account for the high percentages of stoge V's
in July =nd August by postulating that the fishory exploits a popuiation
spatially differentiated for maturation stage and is located in an area where
the higher stages congregatc, but Smith (1948) states that in August when both
inshore and offshorc groundsarc worked both arcas yield fish with, mainly, full
rocs. ‘ ‘

The data presented by Smith (1948) show variation in the maturation cycle

between age groups for the years 1923-L4 and Table 11 gives the cstimates of

. the duration of stages for four age groups.
Table 11 Mean duration (days) of stages by ages groups (1923-44 ); Manx herring
I énd I1* IIT v v
2+ 5L I 18 39 -
3+ 3L 18 20 L6
Lt 22 16 17 61
5+ 16 18 20 €2

(¥The mean timc spent in stages I and IT from the beginning of Junc, which
gives an indication of the phasing of the cycle. A longer duration indicates
that maturation begins, cn average, later in the scason.) ‘

The older fish appenr to begin to mrturc .rather ééfiiér in the year fhan
do the youngor, but the rate of maturation is similar for all age groups as is
. " indicated by the cstimates for III and IV, during which most of the goné.d
| growth occurs. The older fish rcach stage V carlier and remain in it longer,
which would tond to prevent age (or length) groups from spavning as units.

It is clear thercfore that quitc large differcnces in the maturation cycle

nay occur within a spawning population and between age or size groups, and a

full treatment for any stock would have to include a study of this variation.

The Dunmore herring

The, Dunmore fishery takes place from about Scptember to about the end of
January. J. Bracken has kindly made available date for the 1961-62 secason
extending from October to early February. It is suspéctcd that in October
a proportion of the Dunmore fish belongsto an auturm-spawning stock (Bracken
- personal comrmnication) but from November the majority will be winter
spawners. The Tigures for November (Bracken's data) give cnly 2% below
stage V if immaturs and rocovering spent fish arce climinated, and the
percentage in stage V remains high until the third weck in Decenmber;
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even in Jenuary it is 40%. The mean duretion of stage V calculated fronm
Bracken's data and extrapoclating backwards in time from November is found to
be about threc months. This is:longer then that foundifor-the Chamnel -
spawners, which wculd appcar to spawn rather ecarlier than do the Dunmore
fish.,

Channel spawners

The East Anglian fishory exploits predominantly fish spawning in the
Channel in the wintor, and while spawning can take place from about November
to January, December is prcbably the month during which the sﬁawning intensity
is highest. | '

Burd concludes that the Nerih Shiclds fishery oxploits Channcl spawners
which form a high proportion of the threc year olds caught in that fishery,
the remainder being auturn spawners of the Banks stock (Burd, 1958).. If
" this is so then the similarity botween the maturation stages of the Shields
fish and the Buchan and lMinch fish could be taken to indicate that the dif-
ference in the maturaticn cycles is not great. ‘

We can draw conclusions from the East fAnglian data itsclf, for in some
years sampling begins in the first weck in October. Table 12 givos.for this
time the percentage of fish in stage IV, .bolow- stage IV (including immature -
fish and spents) and above IV, for scven years for which this information is
available.

The mean percentoge for seven years! data for the first week in October
is 63.5. In 1956 the perccntage was only 22.6, but only one szmple was
avallable and there is reason to believe that it is not representative, as
in the same year the percentzoge of above IV's for the last week in October
is if anything below average.

Table 12 FEast Anglien herrings percentage maturation stages for first and
last wecks in October.

First week  Last weck
Below IV IV Above IV IV and bolow Above IV
1952 1L 31,5  52.0 7.6 92,4
1954 1.8 9.7 89.0 16.7 83.3
1956 23.6 53.7 23.6 5.6 el
1957 3.7 2h.3 71.2 : 7.9 92.1
1958 3.0 27.5 65.3 2.8 97.2
1959 17.6 20.9 61.6 0.4 99.6
1960 1.5 12.0 83.2 1.0 99.0

By the last weck in October the mean percentage of fish at stage IV and below

is only 6. During September, therefcre, a large proportion of Chamnel fish

mature past stage IV, ond by the beginning of November the majority have

completed their maturation té stage V. It follows therefore that during

September and October stage V autumn- and winter-spawning herring ca

co-exist in time and that the Channel spawners, like the Dunmore henring

and the spring spawers, can reaph a high stage of maturity scﬁc'fimé before
12.



spawning. The evidence from the spring spawners indicates that winter
conditions inhibit maturatipn; If this applics to all herring then the
relatively carly maturation of the Dunmore and Channel spawners and the
long stage V is oxplained.  Any stock spawning during the winter will have
to reach stage V before the onset of conditions inhibiting maturation, and
it would appecar that these occur from about the beginning of November. I
am using the torm maturation here in the special sense as involving increase
in gonad sizec. There must be changes in the physiology of the eggs during
stage V, resulting in changes in transparcncy and in the properties of the
membrane permeability and stickiness, but until the final imbibition of
water on shedding these do not involve growth or change in volume, since
~stage V itself is defined as that stage at which the body cavity is filled.
The important conclusion is that stage V Channel spawners can co-exist
in time with stage‘V autumn spawners in September and October, on the
evidence from the East Anglian fishery. This is confirmed by data given
by Gilis (1961) for the ycars 1956-60 and the Sandettic sector of the
. southorn North Sea. The mean percentage of stage V's for October is given
as 93.4%, higher cven than the meen East Anglian percentage for the month
- the arca covéred being more to the east. The point to be made is that
the East Anglian figures are unlikely to give an overestimate of the
maturation steges for the Channcl spawners as 2 whole.
- Stage V fish caught during September and October in the central North
Sea could therafore be eithor.autumn or winter spawncrs and there are data
which support this possibility. Gilis (1954) gives maturation stages for
August, Septcember and October for fish caught in an area including the Great
Silver Pit, the Easternmost Edge, Brucey's Garden, the Northwest Rough and
the Middle Rough. An estimate for the duration of stage V from these data
ig about 40 days, which is almost three times that obtainsd for the Buchan
’ and Minch spawners and indicates an admixture of fish with a long'ef‘-'--‘stage
V. It is possible to calculate from Gilis' data for August the expected
distribution of maturation stages for September, on the assumptioﬁ that all
the fish are autumn spawners with similar durations of the stages to those
of the Buchan fish. The expected percentage of fish above stage V for
September is 75, whereas in fact 75% are stage V cr below. From the
September figures it is calculated that 87% would be in stage VI or aBove;
in fact only 51% arc. It could be argucd that the Dogger spawhors them—
selves have a long stage V (as do aﬁparcntly the Manx autumn spavwning fish)

and that there is not nocessarily an admixturec of Channel fish, but the

limited fecundity data available from Dogger fish support the view that
Chamnel spawners in stage V do occur on the Dogger in September and October.
Polder and Zijlstra (1959) exanined stage V Dogger females in the years
1954-57 in the nmonths of September and October, They assumed them to be
Dogger spawners although they rcalised that this intfbddcéd.éome small

13.
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doubt as to their futurc spavning grounds. They found that the mean
fecundity of the smaller fish approached that of the Southern Bight (Channcl)
fish, while that of the larger fish was similar to that of the Buchan fish,
the overall fecundity being intermecdicte. Baxtoer and Hall‘(1960) referring
to these data recogniscd two fecundity groups but assumed that both were
Dogger spavners, and that therefore the Dogger spawncrs ccrnsisted of two
components, one allicd to the Scuthern Bight spawﬁcrs and onc to the Buchan
spawners. It is suggested that the low fccoundity Degger V'ec are in fact
Channel spawnsrs and that the true Dogrer spavmers are much nore homogeneous
for fecundity. This can be tested in two ways. The high fecundity of the
auturn spawners is associated with a small-sized egg. - Baxter (1959)
comparing thce Buchan spawners with the Southern Bight fish found a difference
in volume of 100% (on p.78 Baxter refers to a diameter differcnce of 25%,
which is equivalent to a volume differcnce of 100% arnd not a "siza"
difference of 25%) for stage V. If this differcnce is reflacted in the

stage VI cggs then Dogger spawn should be much gmaller in size than Channel

spawn. Alternatively resecarch vessel sampling on the Degger should enzble
stage VI gonzds (i.c. with translucent eggs, frec within the ovary but not
yet shed) to be studied for fecundity. Recent sooples of Vihitby fish in
stage VI have included individuals with entire guinads even though ezgs could
be extruded by pressurc.

It is important that the status of the Togger stoge V's and the Dogger
spawncers be determined with respect to fecundity. While it 1s accepied that
the Dogger spawncrs belong to twe fecundity groups it is not possible to
differcentiate betwecen auvtumn and winter spavnors, whon and where they mix in
the North Sca, on the basis of cgg numbersy and thls character, differing by
a Tactor of 100%, would afford casily the best available ceparation on an

individual basis.

Discussion
Any study of maturaticn is made more difficult by the varicty of systems
of classification in common use, ond standardisation of staging techniques is
a neccssity. The most important stage to bo accuratelsr gstondardised is that
at which the maturation cycle can be s2id to have begun for the current year,
both for first timc spawners and for fish moturing for a sccond or subseguent
timc. The variantion of the time at which this occurs within a spawning stock,
of.for a length or age group within a spawning stock, is a main factor in
deterﬁining the distribution of maturation stagzes at ony subscquent time.
The other factor, the duration of the stagoes thomselves, con be evaluated
from maturation data, provided of course that a good sampling programme gives
ropresentative samples of the population over the period that is being studied.
Although many of the conclusions dravn in this comrmnication arc to some
extent affected by the possible diffcerences in systems of maturity classifica-
tion and the difficulties of identification of stocks, it is clear that a
detailed study of the maturztion cycle is needed, not only to determinc the
1h.




extent to which maturation stages can be used tc identify stocks and estimate
proportions of stocks in mixed populations, but also for the light that can
be thrown on factors influencing and controlling the interaction of the
feeding, growth, maturaticn and spawning cycles. The differences between
the phasing of the maturation cycles and the rate of maturation as between
auvtumn and winter spawners in the Nerth Sea are not as great as expected,

and certainly not as great as the difference between the spawning times.

On the other hand the rate of increase of gonad size is rapid in the later
stages of maturation so that small differences in the maturation cycle can
mean quite large differences in gonad size, and it mey be possible, if
sufficient is known of variation botween for instence length and age groups,
to use the distribution of maturation stages at particular times of year o
derive estimates of mixing rates. This would be an advantage, as routine
staging can give 2 much larger body of information than can say fecundity
data, but a re-excmination both of the staging and of the way that maturation
data is prescnted in tables in official publications is ncecessary to begin

withe

15.



References ¢

AASEN, O. (1952) The Lusterfjord herring and its environment., Fisk.
Skrifter Ser. Havund. 10, No. 2.

BAXTER, I. G. (1959) Fecundities of winter-spring and summer-autumn
herring spawners. J. Cons. int. Explor. Mer, 25, 73-80.

BAXTER, I. G. and HALL, W. B. (1960) The fecundity of the Manx herring
and a compariscn of the fecundities of autumn spawning groups.
I.C.E.S., Herring Committee Paper No. 55.

BOWZRS, A. B. (1952) Studies on the herring in Manx waterss the autumn
spawning and the larval and post-larval stages. Proc. Trans.
Liverpool Biol. Soc. 58, L4T7-Tk.

BOWERS, A. B. and HOLLIDAY, P. G. T. (1961) Histological changes in the
gonad associated with the reproductive cycle of the herring {(Clupea
harengus Le)e Department of Agriculture and Fisheries for Scotland,
Marine Research, 1961, No. 5.

BURD, A. C. (1958) Recruitment and the North Shields fishery. I.C.E.S.,
Herring Committee Paper No. 55.

CUSHING, D. H. and BURD, 4. C. (1961) Part I. Growth and recruitment in
the herring of the southern North Sea. Fish. Invest. Ser. II, 23,
No. 5.

GILIS, Ch. (1954) Full-herring concentrations exploited by the Belgian
herring trawlers in 1953.  Ann. Biol., Copenhagus, 10, 176-180.

GILIS, Ch. (1961) Apergu sur la péche belge aux harengs dans le secteur
Sandettid et les conditions biologiques des concentrations au cours
des saisons 1930 a 1960. I.C.%.5., Herring Symposium Paper No. 33.

HOLLIDAY, F. G. T. (1960) The control of maturation in the herring.
I.C.E.S. Herring Committee Paper No. 39.

MIKHAILOVSKAYA, A. A. (1957) The biology and fishery of the Gulf of
Onega herring. Materials for a complex study of the White Sea, 1.
Academy of Sciences of the U.S.S.R., 1957, T4~89.

NAUMOV, V. M. (1956) The ovagenesis and ecology of the sexual cycle of
the Murmansk herring (Clupea harengus L.) (Translated from the
Russian in Spec. Sci. Rep. Fish., U.S. Fish and Wild. Serv., 327,
1959).  Trans. Knipovich polyar. Sci. Inst., 9, 176-225.

PARRISH, B. B., et al. (1958-61) Scottish Fisheries. Ann. Biol.,
Copenhague, 10-16.

POLDER, J. and ZIJLSTRA, J. J. (1959) Fecundity in the North Sea herring.
I.C.E.S., Herring Committee Paper No. 84.

RUNNSTROM, S. (1941) Racial analysis of the herring in Norwegian waters.
Fisk. Skrifter. Ser. Havund., 6, No. T.

SMITH, W. C. (1948) Behaviour on shoals and growth of Manx herring.
Proc. Trans. Liverpool Biol. Soc., 56, 29-59.

SMITH, W..C. (1957) Gonad condition, age and size of Manx herrings,
1949-53, and comparison with earlier years, Rep. Mar. biol., Sta.
Port Erin, 69, 21-28.

SYMONDS, B. J. (1960) Racial investigations on Irish Sea herringss
back calculations of 14. Rep. Mar. biol. Sta. Port Erin, 72, 31-39.

160




WATKIN, E. E. (1933) Studies on the commercial herring shoals of the
Smalls.  Rapp. Cons. Explor. Mer, 8L, L3-62.

WoOD, H. (1930) Scottish hérring shoals. Pre—spawnihg'and spawning
movements. Scottish Fish. Invest. 1930, No. t.

17.




50

40

stage

30
20

10

maturity
oo

100,

each

75

ot

50

25

Percentage

, ‘ Wwyvl Y
100 I I =

VI 50

KH H

T

IME ——>

TIME .—mm>

‘Figure 1 a2 b and c.

 Theoreli.

2l distributions of maturation stages. (see text)

50



Percentage in each maturity

stage :
N IN o ® o
o) O o O O o
T T T ]

North Shields herring, 1954 and 1957-61.

Males -

percentages of maturation stages, in half-monthly

periods.




each

Percentage in maturity stage
n H o [0
O O O O
1 i i i T
’0
AN o/
. nd
- ‘\ 4
\\ l’l
\\ - "
\ ’
.
R
pt \“. 'l
el L
\ “\\\\s - | am ""—v
h
<1, ~a
! \ :
T TN
)
3}
é'\ H 7
5|\ e
Q L_‘i . N b
Y O O O
r T 1
\
- . S =
E \\ /".’ \- .C_
< . - N <
B¢~ H .-
i /o~ Ran
Qi - -~
3. ~ '
V -~ /.0
> i/:’ -"\\ ‘ >
c /'/0'.‘ -’..’ \\ c
l /¢ . . . @
7/ ‘..I ./.-’ H/”. -
s ./' _/’ .
& -
7 /_/’
>~ e wn
© PR 0
(2l It o
O
o a
-~ ad
Figure 3

ool

North Shields herring,1954 and 1957-61. TFemales - percehtages
of maturation stages, in half-monthly periods. : ‘




Egg volume (arbitrary units)

o
m ’
3 o
o —
Q.
<
0]
w S5F
- 3
. 3}
‘ o :
® 3 |
NP
o O ] _
a | 0
— \
3. \
——h
S OL-\\
S ol
(o] \
- \
\
2ol
\ [ ]
(o] NI— \ E
Y | \\
N\
(o] .'\\
o o =S
-—d ~ *
3 o}
00 LEN E
- \\\
c . :
-3 _ "‘\\\\.
9 N N
- \\ \\
o Q_ . ‘\_\\ "
: U' N\ -~ l
~ \\\;. > |
\\ )
\\ P
- \‘ '
\\ }
N R |
- ol Y |
@ i
O |
!

T Figure 4

lorth Shields herring. Increase in e o N
= - 4 J n egr volume with tir o
data frorm A. D. Woodheod.) £ . S tire (Egg




Percentage . maturity 'stage

W H (8 - N W H
© O O o © o o o
Z T 1 L} N ] - ¥ i
° A .
[N \o\\
NN
. N ~
(-‘ X .\c\.kh R E
- \.\. ‘~‘~~~
AN S~ -~ ‘
> — 3 }’ ‘? -—
(9] KX . ] O
(§ I " 1 }la )
wn X o & .- @
b4 ./ ,4" '_,-""'—‘
s ol = [fgi
0 . ”.).('
3 K4
Py . g ;.I.g
o Z =
wn | ~ 1
>
Q
wn
: K
>
) c
~+ O O] O o O O 3
:TZ 1 1 1 1 ho
(D .
.L' g
Q
(] (]
o _3
© ©
8] 0]
ni - © o]
o
Z

Nel

North-western North Sea and North linch herring. 1958 and 4
_ Percentages of maturation stagesy at monthly intervals.

959.

CUSUIN U3IJON

uwniny

. SJOUMDCS



°/e maturity stage

O o - 0O O O

T T T =

Z
< =
O .
> Z
o o
=] -
wn s

- )
o
1)
o Q
—
-—
©
m
N
-~ i
- ¥ Y
©
® 6]
©

JDak

. Figure 6
: North-western North Sea herring, 1952-59. Percentages of -
maturation stages,at monthly intervals. :

—



