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Egg Weight in Atlantic Herring
(Clupea harengus L.)
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The dry weight of mature herring eggs, measured from samples taken from about 25
spawning grounds, is very variable from ground to ground, while there may aiso be age
and year-to-year differences. The mean weight varies by at least a factor of three, from
1-2 g per egg in Baltic spawners of the late spring, t0 3-7 mg per egg for early winter
spawners of the southern North Sea, In general egg weight is bigh for fish spawning in
winter and early spring, and low in late spring, summer and autuma. As a characteristic
it can be useful for defining *‘races™ as well as having wide ecological implications, Usually
fecundity and cgg weight are inversely related. Thus spawners with fewer, heavier eggs will
produce few, but large larvae with considerable yolk reserves at a time of poor food supply
and a low predator population. Under warmer conditions « farger number of smail eggs
are produced which can be seen as an adaptation to adequate larval food, but high predation.

Introduction

The highly complex nature of the north-east Atlantic herring stocks and the
apparent great adaptability of the species have recently been emphasized by
Parrisd and SaviLLe (1965). In contrast to many other marine fish, herring
seem to differ widely in their requirements for spawning with regard to season
and hydrographical conditions. Spawning may take place in late winter or early
spring prior to the feeding scason, in late spring and summer during the feeding
season or in autumn when the main feeding has just finished. The difference in
spawning time affects the seasonal pattern of metabolism (ILes, 1964). Related
to this are differences in the number of eggs (fecundity) produced by a single
female of a given size; in general surmmer/autumn spawners produce more eggs
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Figure 1. Location of spawning grounds from which sampies have been obfained (see
aiso TFable 1).

than winter/spring spawners. This can be seen from the data of various anthors,
e.g. for Irish herring (FARRAN, 1938), Icelandic spring and summer spawners
(FriprIKSSON and TIMMERMANN, 1951; LiamiN, 1959), White Sea (ANOKBINA,
1961}, parts of the Baltic (KANDLER and Durtt, 1958; RANNAK, 1958; STRZY-
ZEWSKA, 1960 and others) and North Sea (Baxter, 1959, 1963). Published
data on the size or weight of ripe eggs of these groups of herring are, however,
rather scarce. Reference should be made to contributions by FArran (1938)
and BaxTer (1959) on fecundity, where differences in egg size are mentioned as
being inversely related to fecundity, winter/spring spawners having bigger eggs
than summer/autumn spawners. For the eastern Baltic, however, ANOXHINA
(1962) mentions similar egg size for spring and autumn spawners. Differences
in number and yoik content of eggs have been considered as basic adaptations
to the wide variety of environmental conditions met by voung larvae of the
various spawning groups {HeMpEL, 1965). Whereas high numbers of eggs are
necessary to compensate for heavy predation, high yolk content facilitates
survival as a result of the larger size of the larvae at hatching and by a longer
lifespan on the yoik reserves, both factors placing the Iarvae in a more favourable
position at the commencement of feeding (BrLaxter and Hemper, 1963;
BraxTer, 1965). Efficiency of the conversion of yolk into body tissue at fow
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Table
Origin of egg samples and mean

Spawning grotp Spawning place Pate (day/monthfyear} n
Norwegian spring Off Mare 3,17, March 1961 46
Off Mere 7.-8. March 1962 92
Store Sotra 17.-21. March 1962 82
Skiinna-Bank 9, March 1963 72
Clyde spring Ballantrae Bank 8. March 1961 20
Baliantrae Bank 21 Feb. -2, March 1962 72
Ballantrae Bank I3, March 1963 85
Frish spring Donegal, Stags of Broadhaven March 1963 23
Minch autuma (Ilapoot 11, Sept. 1962 34
Manx antumn Isle of Man 13.-21, Sept. 1962 35
Donegal autumn Killybegs 17.-25. Oct, 1962 20
inver Bay 52
Dunmore winter Bagibun Bay i8. Jan, 1962 56
Punmore East 29.-30. Nov. 1962 46
Dunmore East 8.-15. Jan. 1963 27
Buchan summer Turbot Bank 22.-24, Aug. 1961 14
Moray Firth 28, Aug. 1961 34
Clythness 24. Aug, 1962 27
Whitby-Dogger Whitby Sept. 1962 i3
autuma Dowsing -+ Haisborough Sept. 1962 35
Dogeer varions positions 14, Sept.—13. Oct. 1961 59
Bolders Bank 21, Sept. 1962 20
Quter Silver Pit 22. Sept. 1962 69
West of Den HMelder 21, Nov. 1961 24
Bogger 23. Sept. 1964 67
Powns winter Sandettié 3. Dec. 1961 25
Sandettié 22. Nov. 1961 26
Dieppe-Fécamp 24...26. Nov. 196} 52
Sandetti¢ 29. Nov, 1962 160
Continental Eibe Estuary 18, May 1962 i1
coastal spring Elbe Estuary : Aprii 1963 12
Western Baitic spring  Kieler Forde 20, Apr.~12. May 1861 20
Kieler Forde 9.-18. May 1962 40
Nord-Ostsee Kanral (Rendsbuorg) 16, Apr. 1962 42
Kieier Forde i3. Apr. 1964 64 !
Eastern Baltic Riigen 22. Apr. 1963 4
spring-summer Bay of Puck {Kuznice) 25. Apr. 1964 H
Bay of Riga 18. May-20. June 1962 78
Bay of Finland (Espoo) 16. June 1962 40

temperatures appears, howsever, sornewhat higher in larvae from small eges
than in those from large eggs (BLAXTER and HEMPEL, 1966).

The biological importance of the size of eggs for survival of the offspring
and the possible nse of egg weight as a character for discriminating the various
spawning groups of herring suggested a comparative study between the var-
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1
jength and age of the mother
Average age Reference
Average length {years) aurtber o1 map
(& ] where available Source of material Fig. )
351 107 Havforskningsinstituttet, 1
362 il-é Bergen, Norway and 1
297 49 Noregs Sildesalsiag in 2
360 12-4 Aalesund and Kristiansungd 3
269 39 Marine Laboratory, 4
27-6 i Aberdeen, Scotland
280 42 (R.V. “Clupea™)
360 9] Mr. J. BRACKEN, Dept. of Lands, Dubdlin, Eire 7
282 48 Marine Laboratory, Aberdeen, Scotland $
270 4.9 My, A. Bowers, Port Erin, Isle of Man 6
21 ) e i
265 46 Mr. J. BRACKEN, L 8
779 66 Dept. of Lands, Dublin, Eire s
276 50 8
285 48 Marine Laboratory, 9
Aberdeen, Scotland ¢
292 57 (R.V. “Clupea™) 10
285 53 Fisheries Laboratory, H
AR 43 Lowestoft, England 12
26-4 4-¢ 13
237 28 inst, f. Seefisch., Hamburg and 13
28+ 4-8 Universitat Hamburg i3
25-¢ 32 (R.V. " Anton Dohrn™) 14
283 42 13
242 32 Fisheries Laboratory, Lowestoft, England 15
259 38 15
262 43 R.V. “Asnton Dohrn™ 16
264 40 i5
219 2-4 Universitit Hamburg 1 ¥
234 34 Usniversitit Hamburg 18
235 2:2 with assistance from
27-5 38 Institut £ Meereskunde
253 35 d. Univ. Kiel
268 55 Dr. K. ANwanp, Berlin 19
278 54 Dr. I PoesL, Gdynia, Poland 20
17-5 40 Dr, M, Lisagv, Riga, US.S.R, 21
19-3 - Dr. V. S:08LOM, Helsinki, Finland 22

rious groups of Clupee harengus L. in the north-eastern Atlantic and
adjacent seas. Some preliminary resulis of this study have already been presented
at the International Council’s Herring Symposium in 1961 (HeEmPEL and
BLAXTER, 1963).
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Table 2

Variation of dry weight of single eggs. Five Dogger spawners, September 1964,
20 eggs per female. The results of the rontine weighings of 100 eggs are given
for comparison

iength age dry weight 20 individual weighings pee fomale
of 00 ¢ggs mean dry welght totaf range
fom} (years} (mg) n oo 26 Gog)
(mg)

253 3 173 0-174 1 0-0083 0-143 — 0187
260 3 2004 0:19% :: 0-0089 (176 - G-215
265 3 22:5 ¢-224 % 00106 G195 — 245
305 8 246 0-243 1 0-0135 0185 —0:265
305 4 409 0414 o 0-0103 0388 - 0-436

Materials and Methods

Samples of ripe eggs from most of the main spawning groups in the north-
eastern Atlantic were coliccted in the period from 1961 to 1964, The positions
of the samples, from about 25 spawning grounds and from all months of the
year except July, are shown in Figure 1. This extensive coverage was made
possible only by the help of several scientists from laboratories in various
countries, listed in Table I. Their coliaboration is much appreciated.

The number of fish taken in each group varied widely; in some cases it was
possible to sample extensively in successive years, whereas in others the sampling
was rather restricted and did not cover the whole range of size and age, The
herring were sampled from research or commercial fishing vessels. If fish were
plentiful, sampling was made selective to inciude fish of all size-groups, As
soon as possible after capture, 1 to 2 ml of ripe eggs were stripped into 4%
formalin in diluted seawater (S 157%,). After preserving the eggs, the total
length of each female was recorded and scales or otoliths taken for age-
determination.

For dry weight determinations, 100 fixed eggs per female were rinsed with
distilled water, dried to constant weight in a desiccator at 50°C for one or two
days and weighed to an accuracy of 0-05 to 01 mg.

PeteRS (1963) showed small increases in the wet weight of Tilapia eggs after
fixation in formalin, In order to determine whether fixation in formalin-sea-
water causes a change in dry matter of the herring egg the following test was
made. Ten samples of 50 eggs were taken from a Buchan spawner and imme-
diately dried to constant weight when fresh. Further samples were fixed in
the usual way. After about tea weeks fixation a further ten samples of 50 eggs

Table 3

Variation of average dry weight in fen samples (100 eggs each) for each of three
females of different origin

average of
Spawning group ten samples of 100 eggs cach (mg) total range (mg)
Norway, March 1962 ... ... . 35-52 + ©0-087 352 — 36+1
Dogger, Sept. 1964 . ....... ... 23-09 . 0437 214 258

Kicl, April 1964 ... ... ... .. ... 2076 £ 0-36 i8-8 — 22.3
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were dried and the weights compared with those of the samples dried fresh.
The fresh samples had an average dry weight of 17-84 mg/100 eggs and the
fixed samples 17-97 mg/100 eggs, representing a non-significant difference of
under 1%.

The variation of egg weight within a single sample was determined in five
samples of Dogger herring only; in each of these samples, 20 eggs were weighed
individually on a micro-analytical balance to an accuracy of 8-005 mg. Means
and variances for the individual weights and aiso the total weight of the normal
sample of 100 eggs are given in Table 2, Very close agreement was found
between the means of the individual weighings (4th column) and the mean
weights/100 eggs normally measured (3rd column). The variance of individual
egg weights was much lower than the variance of mean egg weights between
females in the Dogger population. The latter variance is, however, unusually
high compared with manry other groups. In general the smaliest cgg out of a
sample of 20 was 11-339, (average 20%;) lighter than the heaviest egg of the
sample. Further studies are under way in relation to the suggestion by ANOXHINA
{1963) and Nigorsxy (1962) that egg size is more variabie in poorly-fed females.

As an additional test of the variation in egg weight within a female, 10
replicate samples of 100 eggs were weighed from a single female of Kiel, Dogger
and Norwegian herring respectively. Table 3 shows the very low variance
between the 10 samples taken from the Norwegian female where the Jowest
weight was only 3 % less than the highest. In the other two females, of Dogger
and Kiel origin, the lowest sample weights were respectively 179 and 16%
less than the highest sample weights of the same female.

Results
Variation in egg weight within spawning groups

Within each group the mean dry weight of eggs varied considerably. The
variation between females was much higher than the variation between replicate
samples taken from a single female, In most spawning groups the 959, con-
fidence limits were one-haif to two-thirds as great as the mean egg weight of
the group. Only in Buchan and Minch herring were the 95% confidence limits
less than half the mean egg weight of the group.

In order to check how far this variance was due to differences in sizes of the
mothers, mean dry weights of the eggs of individual females of each group
were plotted against the total length of the female. The results are shown as
scatter diagrams in Figure 2 for all groups. In the main the graphs de not
sugpest any close relationship of egg weight to total length of the mother.
The correlations were statistically significant in only a few instances, as shown
in Table 4.

It seems that in those groups which consisted mainly of small, fast-growing
fish, egg weight was positively related {o the size of the mother, whereas in
those groups in which the majority of the fish were older, with slower growth, such
correlations disappeared. In two groups it was even found that very large fish
tended to have smaller eggs, although this was not significant statistically.
These were Buchan autumn spawners of 1962 and Donegal spring spawners of
1963. Both consisted mainly of exceptionally large fish.

To check the effect of age rather than length a grouping of females according
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Figure 2. Dry weight of 100 eggs against total length of the mother in various spawning
groups: a. Norwegian. b. Clyds.

to age is given in Table 5 for all samples for which age data are available. The
coverage of the range of age within the various groups was not satisfactory
in several instances due to the scarcity of old fish or to the prevalence of single
strong year-classes. The average egg weight of various age-groups is shown in
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Figure 2. Dry weight of 100 eggs against {otal jength of the mother in various spawning
groups: ¢ Minch, Manx and Donegal autumn. d. Dupmore and Donegal winter-spring.

Figure 3a~c. No statistical tests were applied. Those age-groups which consisted
of 10 or more females are marked by circles, age-groups represented by less
than four fish being omitted from the graphs.

As already suggested by the relationship to length, Norwegian recruit
spawners of 3-4 years of age, caught in the skerries south of Bergen, had eggs
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Figure 2, Dry weight of 100 eggs against total length of the mother in various spawning
groups: ¢. Buchan. £ Dogger.

about 149 lighter than the older fish (30 rg/100 cggs and 35 mg/100 eggs
respectively). These fish, however, cannot be taken as typical Norwegian spring
spawners, which normally recruit af 2 somewhat higher age (4-6 years). For
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Figure 2. Dry weight of 100 eggs againgt total length of the mother in various spawning
groups: g. Downs. h. Kiel and Elbe.

the older herring of 8-14 years, no further increase of egg weight with age of
the mother was observed. The strong year-class of 1950 was sampled in three
successive years at an age of 11-13 years. The mean egg weight during this
period was stable at 35 mg/100 eggs. The numbers of very old herring were too
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Figure 2. Dry weight of 100 eggs against total length of the mother in various spawning
groups: i Baitic,

Table 4
Correlation befween length of the mother and dry weight of eggs

mean dry weight correlation

Origin year numbder of fish  of 106 egps (ng)  cocfficient () 1 4

Mueore 1961 46 345 0131 n.8.
More 1962 92 345 0-133 n.s,
Sotra 1962 83 28-9 {-361 P < 0-001
Clyde 1961 20 242 0-582 P <00
Ciyde 1962 72 3t7 O-111 1,5,
Clyde 1963 84 28-2 0-296 .S,
Donegal spr. 1963 23 288 - (389 P~ 006
Manx 1962 27 234 0-200 LS.
Minch 1962 34 187 0464 P <00}
Ponegal aut. 1962 20 217 9420 P005
Donegal aut. 1962 52 2010 -840 P < 0001
Dunmore Jan. 1962 56 353 0-491 P <0001
Punmore Nov. 1962 46 3241 0-010 a.s.
Dunmore Jan. 1963 97 34-6 0-080 1.8,
Buchan 1961 47 158 0282 P ~ (05
Buchan 1962 27 i6:2 —~(-028 H.S.
Haisborough 1962 50 209 0040 n.s.
Dogger 1961 60 267 0-099 n.s.
Dogger 1962 19 185 (645 P <001
Dogger 1962 66 21°2 0070 s,
Den Helder 1961 24 262 G118 0.8,
Downs 1961 103 366 €338 P <0001
Downs 1962 100 369 0358 P < 0001
Kiel 1961 20 12-6 0-500 P <005
Kiel + Elbe 1962 92 12-8 0-699 P <000
Puck 1964 H 14-4 0460 n.s.
Espoo 1962 49 e 0191 n.s.

n.§. = not significant
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Figure 3. Average dry weight of 100 eggs in successive age-groups. a. Norwegian and Baltic

spring. b. West coast of British Istes.

small to permit any conclusion as to whether egg weight decreases at an
advanced age of the mother. FArRrAN (1938) and PorLper and ZuLstra (1959),
however, found indications of a decrease in fecundity in some older age-groups

of herring.
in contrast to Norwegian spawners, those of the Clyde are only available at
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Table

Average dry weight of 160 eggs in relation to
Origin yeats 2 3 4 N 6 7 8
Maeare March 1961 304{1) 32:8(1) 33-3(5)
More March 1962 28-1(1) 38-3(2)
Sotra March 1962 27-1(38) 25-3(35) 31-4(5
Sklinna March 1963 25-5(3)
Clyde March 196 214(8y 26037y 28:8(1) 27-6(F) 23-3(1)
Clyde March 1962 19271y 38-3(2)  32:3(53) 30-4(i4)
Clyde March 1963 19-8(2) 26:6(37) 32-6) 2895Q26) 31113
Donegal March 1963 37-242)  280¢1) 233 3393}
Manx Sept. 1962 22407 24311 2414 234(10) 23:3(2)
Minch Sept. 1961 17-4(31) 18-%1) 196{12) 19°1(5; 18-8(%)
Donegal Oct. 1962 16-0(5)  20:2(29y 21-2{18y 21:3(5) 23-5(2) 21N 217K
Dunmore Jan. 1962 24-6(3)  33-5(10y 36-1(25) 38-4(% 3874 3284 3862
Dunmore Nov, 1962 312013} 323(15) 340010) 296(3) 31H2)  323(3)
Punmore Jan. 1963 31-6(18) 35218y 34-9(42) 355(3)y 296{1) 318
Buchan Aug. 1961 16-0(5)  15-7(310) 153(2%5) 169 17-2¢63
Buchan Aug. 1962 172-0{1) 15-8(6) 16319
Whitby Sept. 1962 20032 I8 21-5(28)  203(3)  201¢16)
Dogger Sept.fOct. 1961 26-2(35)y 206:8(5)  27-2(10) 28-2(5) 380(1)
Dogger Sept. 1962 16:2(13) 22:1{2) 20:8{37y 20:96) 21-G(I8 21-%(6)
Dogger Sept, 1964 21:0{1) 200719y 21:3(32) 19-5(2y 209(6) 22:6(3) 23%3)
Den Heider Nov. 1961 25-5(18y 27-744)
Bieppe Nov, 1961 38:8(21) 382(12) 382(12) 358(2) 46:9¢2)
Sandetti¢ Nov./Dec. 1961 33-8(36) 36-1(10) 42-3(2y 4069(H
Sandettié Nov. 1962 35-3(25) 37-4(535) 360(312y 42:4(3) 38-8{1
Eibe April 1962 11-0¢h 11-6(4)
Kiet April/May 1961 11:6(1) 12:6{12} 12-4(6) 16:9(1)
Kiel May 1962 1§:0(32) 13-3(i9 15-0Q23) 17-72) 16:2(2)
Kiel April 1964 16-5¢36y 177425y 16:1¢}) 18K
Riga May/June 1963 1094263 10929 13-6(12) 133(4) 14-1(2)

a young age, the samples mainly consisting of recruit spawners of 3 and 4 years,
The egg weights were on average lower in 1961 than in 1962, The youngest of
the recruits, at 3 years of age, had rather small eggs; the highest values were
found at 4 years, followed by a decrease in 5 year-old fish. If this decrease is
typical, one might consider whether the 5 year-otds spawning in the Clyde were
abnormai in their reproduction, other fish reaching maturity at 3-4 years and
leaving the Clyde soon afterwards for other spawning grounds.

Data for 8 to 13 year-oid herring were available from Donegal spring
spawners. One might consider the ofd Donegal herring and the young Clyde
herring as members of the same spawning group. In Dunmore winter spawners,
as also in Minch and Donegal autumn spawners, where a wider range of age-
groups was available, egg weight increased somewhat in the first one or two
years of mature Life, but fiuctuated later on without a trend. The data available
for Baltic herring were limited to young fish only. They showed an increase in
egg weight with age of the mother. In Dogger and in Sandettié herring some
initial increases were also obvious,

In summarizing the results for the various spawning groups, it may be
stated that egg size is far less dependent on the size and age of the mother
than is fecundity, although very young recruils do tend to have smaller eggs
than older recruits and repeat-spawners, In some groups, the increase levels
off after one year; in others (Norwegian, Baitic) it continues for longer. The
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increase beiween two successive age-groups may reach or exceed 10% in
Norwegian, Baltic and Clyde herring, about 5-6%, in Minch and Sandettié
herring, and about 29 in Dogger herring. In Dieppe and Buchan herring no
increase was noticed,

Variation in egg weight between spawning groups

The differences in average egg weight between various groups were examined
in two ways, firstly by the use of egg weight as a character for discriminating
“races” and secondly by the relationship of egg weight to spawning tirae and
place.

{1} Egg size as a ““racial” character.

The high variability of egg weight within a spawning group and the relation-
ship to age and size of the mother amongst younger fish limit the value of egg
dry weight as a discriminating character in herring “racial” studies /.e. when
trying to show genetical distinctions. In addition to the means and variances
listed in Table 4, the plots of egg weight against length of the mother, as given
in Figure 2, were used to show the overlap between the groups. In Figure 4 the
area of variation for each spawning group is shown surrounded by a line. In
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a few cases the values for one or two fish were so far out that it seemed un-
reasonable o include them in this area.

In Figure 4a the Norwegian spring spawners are compared with other
winter/spring spawners from various localities west of the British Isles. The
average dry weights for the recruit spawners of Norwegian herring and {or the
Clyde and Dunmore herring, in which recruits were also dominant, lay between
26 and 30 mg/100 eggs; those for old herring caught off the Norwegian and
west coast of Ireland (Donegal} were somewhat higher, 35-36 mg/100 eggs.
In spite of this difference in the averages, it seems obvious from Figure 4a that
Norwegian, Dunmore, Donegal and Clyde winter/spring herring cannot easily
be distinguished by the dry weight of their ripe eggs.

Considerable differences exist, however, between Norwegian and Baltic
spring spawners. In Figure 4b those Baitic and Norwegian herring which were
not very differentinageand spawningtime are compared, thatis young Norwegian
herring (average age 4. 0 years) which were caught in late March and hetring
of the western Baltic (3-6 years) caught in mid-April.

Although the Norwegian herring were exclusively recruit spawners, whereas
most of the Baltic herring were presumably spawning for the second time,
the eggs of the Norwegian herring were in general considerably heavier than
those of Baltic herring. Apart from differences in growth pattern and maturation
rate, substantial differences in terms of egg weight seem to exist between
Atlanto-Scandian and Baltic herring, but not between Norweglan herring and
winter/spring spawners off the west coast of the British Isles.

Within the various groups of herring spawning in spring from the western
bays of the Baltic to the Gulf of Finland, no differences in egg weight could be

i3
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observed over a wide range of lengths, (see Figure 4¢). The spring-spawning
herring of the Elbe, which belong to the group of small populations of the
North Sea coastal waters, were similar to the Baltic herring.

In North Sea herring (Figure 4} three main groups could be distinguished,
all spawning in the second half of the year: Buchan herring spawning
in the north-western North Sea in August-September, Dogger herring spawning
in the western part of the central North Sca in September-Qctober, and Downs
herring spawning in the Southern Bight and in the easternmost part of the
English Channel in November-December. The average egg weight of these
three groups differed markedly. Downs herring, with a low fecundity, had eggs
which were, on average, more than twice as heavy as those of Buchan fish

Buchan and Downs herring was bridged by Dogger herring, whose egg weight
overlapped considerably those of the other two groups. The mean dry weight
of the eggs of Dogger herring was rather low {about 21 mg/100 eggs) in 1962
and 1964, with listle difference between the various spawning places (North of
Dogger, Whitby, south-western Dogger, Haisborough, Dowsing), whereas in
1961 it was higher (267 mg/100 eggs).

i Various groups of autumn spawners are also found off the west coast of
the British Isles, Their distribution in terms of egg size is shown in Figure 4e.
In order to make the data as comparable as possible only sampies from
September 1962 to January 1963 were used, whereas in Figure 4a all Dunmore
data from 1962 and 1963 were taken together. The smallest eggs were found
in Minch herring, spawning in September. Manx herring, spawning at the
same time further to the south in the vicinity of Isie of Man, and Donegal
autumn spawners caught on the west coast of Ireland in October, were fairly
similar in their egg weights, which on average were higher than in Minch
herring, although the overlap between the values for Donegal and Minch
herring was considerable, Samples taken in the Dunmore fishery off the south
coast of Ireland in November showed a considerably higher egg weight than




the other groups, In January some fish had larger eggs than any caught in
November. It is obvious that Dunmore late autumn and winter spawners were
quite distinct from Minch autumn spawners in their egg weight, their eggs
being on average twice as heavy as those of Minch herring. Egg weights of
Manx and Donegal herring overlapped those of both the other groups; in this
way the pattern is similar to that in North Sea autumn spawners.

It is an open question as to how the herring of the waters west of Britain
are racially connected with Atlanto-Scandian and North Sea herring. In Figure
4a no consistent difference in egg weight between Clyde, Dunmore, Donegal
and Norwegian winter-spring spawners was found. In Figure 4f, Dunmore
herring caught in January 1962 and 1963 are compared with the two main
components of Downs herring, spawning off Dieppe and at Sandettié. The
Duamore herring had about the same range of variance as the two components
of Downs herring. A comparison between North Sea Buchan herring and
Minch and Manx herring (Figure 4g) shows considerable separation between
these population, with very little overlap between Buchan and Manx fish.

Discussion
Variation in egg weight within spawning groups

Within a spawning group there is little tendency for a general increase in egg
weight with age of the mother, such as is found with egg number {fecundity).
The only striking fact is the small eggs produced by very young recruit spawners
{two or three year-olds). It is this which influences the tests of significance (see
Tabie 4) to the extent that a positive relationship between egg weight and length
of the mother is statistically significant only when the eggs of these very young
recruits are present in the sample.

The question is how such differences affect the viability of the offspring of very
young recruit spawners compared with older fish, For instance the Norwegian
recruits have eggs as much as 4% lighter than older fish (30 mg/100 eggs
compared with 35 mg/100 eggs). This results {see BLAXTER and HempeL, 1963)
in the larvae from such recruits surviving on their yolk supply for about two
days less than those larvae from older fish (39 compared with 41 days from
fertilization, at the femperatures prevailing after spawning). Consequently,
larvae from recruit spawners will have about two days less aggregate time to
achieve the change from iInternal to external food sources. In addition, the
maximum body weight and length attained on the yolk supply will be slightly
fess in the Tarvae from recruits (0-13 mg, 10-0 mm) than in the farvae from older
parents (0-15 mg, 10-5 mm). This could affect such factors as swimming speed,
liability to predation and dependence on physical factors in the environment.

BripGEr (1960, 1961) and CusHiNG and BripGeR (1964) obiained evidence
which suggested that recruit herring in the southern North Sea were producing
iess viable larvae than older herring. If the weights of eggs produced by spawners
in the Sandetti¢ arca are extracted from Table § it is found that the recruits
have eggs which are 6 to 7% lighter than older spawners, whereas for Dieppe
herring no difference in egg size in older fish was found. BLAXTER and HEMPEL
(1963) have already estimated the effect of this order of difference® on the

* Difference of 9% as given in Braxrter and Hemper (1963} is an overestimate based on a
mixture of older Dieppe and younger Sandettié herring,




190 G. Hemrer and §. H. S, BLaxrer

Norway
Clyde
Donegal
Manx
Minch
Bunmore
Buchan
Whitby
Dogger
Den Helder
Bowns
Elpe
Kiel
Riugen
Puck
Riga
£spoo

ok
*

Kith o A

20} o

10~

dry weight of 100 eggs in mg
"
B 00 ® 0 HEHE; U

£ i 3, 3 i 4, 1 i 3. 5.

A
i ] mow v o vVioveE v B X X X

Figure 5. Average dry weight of eggs in various spawning groups against month of spawning,

viability of the larvae. The larvae from recruits might be expected to survive
one day less than those from older fish (27 compared with 28 days at the pre-
vailing temperature), The larvae would atfain a slightly lower maximum weight
and length on the yolk supply (0-16 mg, 10-7 mm for larvae from recruits,
0-17 mg, 11-1 mm for larvae from older fish). The disadvantage to the larvae
in the Sandettié area of the southern North Sea is a little less than to those
from Norwegian fish. As CusHING and BripGER (1964) comment, the significance
of such differences in terms of viability remains in guestion.

Variation in egg weight between spawning groups
{1} “Racial” differences

Egg weight clearly varies so much from group to group, that it should be
considered as a useful “racial” character and should be included in the lists of
the characteristic features of each herring group, Egg weight (and fecundity)
may shed some light on the present problems of the interrelationships between
groups whose identity is in some doubt. Such a technique has recently been
adopted by Parrisy and SaviLLe (1965), For instance the Buchan - Dogger -
Downs progression in spawning is shown to be even more distinct than the
space and time factors suggest. The large differences in mean egg weight and
fecundity support the thesis that Buchan and Downs herring are distinct,
although the latter may possibly consist of two sub-groups, Mixing due to
accelerated or late spawning may only affect the Dogger group. However, the
extent to which egg weight is an inherited factor, independent of the environ-
ment, is still open to question and “‘genetical” affinities and differences based on
this character should only be suggested with caution.

Perhaps more definitely, the inherited distinction between the Buchan,
Minch and Manx summer spawners can be put forward. Here spawning season
and the events leading up to it (such as the “temperature and feeding history”
of the parents) are similar and foss likely to have had an influence on the egg
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weight, A similar distinctness may be postulated in the Downs and Dunmore
fish spawning in November. The Dunmore herring spawning in January are,
however, very similar in egg weight to the November spawners of the southern
North Sea.

Egg weight would be a more valuable character if it could be used at times
of year othet than the spawning season. 1n contrast to fecundity (BAXTER, 1963)
it does not permit an assessment of percentage mixing (and therefore of
percentage exploitation) of different groups on the feeding grounds well before
spawning.

{2) Egg weight in relation to spawning time and place

From the ecological point of view the material can be divided info three
main groups according to the season of spawning. This can be seen in Figure §,
slthough any grouping according to months must be somewhat artificial when
comparing fish from different areas, e.g. in the eastern Baltic, spring occurs
very late so that the conditions in the Guif of Riga and the Guif of Finland
in June might be comparable with those in Kiel Bay in May. Egg weight in
eastern Baltic herring was almost the same as that of late spawners in Kiel Bay,

a. Herring spawning in winter and early spring at a time
when adulis are existing mainly on their body reserves. The eggs
develop at relatively low temperatures and the young larvae meet poor supplics
of food, especially larval zooplankton; on the other hand, the predator popula-
tion may also be scarce. The Norwegian, Clyde and Donegal herring spawning
in March belong to this group. All of them have heavy eggs and the larvae
hatch with very large yolk-sacs on which they grow 1o a size which enable,
them to feed on relatively large plankton organisms (BLAXTER and Hemper,
1963 ; BLAXTER, 19635},

b. Herring spawning in spring after increases in abundance of
zooplankton. The fish of this {ype may have commenced feeding after the
over-wintering period before they spawn. The larvae hatch under favourable
feeding conditions, especially those hatching late in the spring. This group is
mainly represented by Baltic herring. Their eggs are very small, even smaller
than those of Norwegian recruits which spawn only a few weeks earlier, but the
warming-up of the water in the western Baltic is much faster than on the
Norwegian coast. The Baltic farvae hatching at the ead of April or in May may,
therefore, meet more favourabie feeding conditions than the larvae off Bergen
in April. If the average dry weights of the various samples of western Baltic
herring are plotted against the date of capture a decrease of egg size with
progressing season becomes apparent, This might be due partly to the increasing
percentage of recruits in the catch, in the later part of the season, but it might
be also an adaptation to the environmental conditions which change rapidly
with the progressing season.

¢. Herring spawning in summer and antumn which either inter-
rupt their feeding season in order to spawn or which have just
finished feeding. The larvae hatch under favourable feeding conditions if
spawning takes place in July to September, but the supply of suitable small
zooplankton will decrease later. This group is represented by the North Sea
Bank (Buchan} herring and by the autumn spawners west of the British Isles.
For both areas there is a striking increase in egg size with the progress of
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season, the Buchan herring spawning in August (16 mg/100 eggs) having the
same small egg size as Baltic herring caught in April. Dogger, Whitby, Minch,
Manx and Donegal herring, spawning in September-October, have somewhat
heavier cggs (18-27 mg/100 eggs). Downs herring, which are otherwise closely
related to the North Sea autumn spawners, are ecologically of the winter type
with very large eggs,

Spawning “sfrain’’

The fact that egg weight and number are inversely related in different groups
does not necessarily imply that the total weight of ripe eggs just before spawning
is the same in all the groups. Size at first maturity is different in some groups
and the increase in total cgg mass with length may also vary. In Figure 6 curves
are given showing the increase in dry weight of the fotal ripe egg mass with
length of the mother, for both North Sea and Norwegian herring. The fotal
ripe egg mass for each length group (cm) of fish is calculated from the dry
weight data of the present paper and fecundity figures given by KANDLER and
Durr (1958), PoLpErR and ZuLstRA (1959) and Baxrsr {1959). Within the
North Sea herring the total ripe egg mass for any given length of fish was
highest in the later and more southerly spawners. For example, a Downs
herring of 275 em produced 7-3 g dry weight of eggs and a Buchan herring
of the same length only 5 g. This can be considered, at feast partly, as a
consequence of the longer feeding period before spawning; it could also be
considered as a greater spawning “strain” on the Downs fish. The Norwegian
herring, which first mature at a greater length and age, show a low total egg
mass at a given length compared with North Sea herring. On the other hand
their life span is longer and over this the aggregate egg mass produced by a
fish may well be as high, or higher, than in the North Sea.

PETERS (1963) reported both a similar inverse correlation between egg size
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and fecundity in T¥apia and a similar increase in spawning “‘strain” with
increasing length. These factors could be related to the type of incubation,
whether the species in question were “substrate-" or “mouth-brooders”.

Factors affecting egg weight

Superimposed on general group differences, which are probably geneticaily
determined, are occasional year-to-year differences which may resuit from
environmental conditions. This was found in the Clyde in 1961 and 1962, It
was not possible to make concomitant studies of fecundity, which might also
have varied, because it is not certain during the spawning season what pro-
portion of the eges have been shed. BAxtrR (1963} mentioned that fecundity
did not seem to vary noticeably on a yearly basis in North Sea herring, though
ANOKHINA (1963} reported such variations in the White Sea.

It is of inferest that BAGENAL {19634, b; 1963) reported annual variations in
the fecundity of flatfish in the Clyde sea area. In one species there was some
evidence for the fecundity being density-dependent, that is higher when the
population was reduced in numbers, It is desirable in herring to measure
changes in egg weight over a number of years, at the same time measuring
fecundity shortly before spawning and trying to assess population density,
food supply and environmental conditions over the preceding months.

Further sources of variation in egg size lie in changes with age, there being a
tendency for an increase between first-spawners {especially when very young)
amd repeat-spawners. In addition, there are differences between the mean egg
weight of females of a given age and group as weil as individual differences in
the eggs coming from a single female.

General

Epg size is clearly a “racial” character of some diagnostic value. With
fecundity it also has important ecological implications in terms of survival
and recruitment, in particular because such large differences are found within
a single species. There are some other instances where egg size has been found
to be variable, for example in Acanthias (TemplLEMAN, 1944) and in Tilapia
(PETERS, 1963). Tt would be valuable to extend the study to other fish species
with less specialised reproduction where it has, up io the present, been con-
siderably neglected.
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Sammary

1. Samples of ripe eggs were collected from different spawning groups of
herring in the north-eastern Atlantic and adjacent seas (Figure 1and Tabie 1)
and for each female the dry weight per 100 eggs was determined.

2. Weighings of single eggs and of replicate samples {rom one fernale showed
that the variation within a female was smaller than between the females of a
spawning group and also smaller than the variation between group means.

3. The variation in egg weight within a group was dependent, to a slight
extent, on differences of length and age of the mother. In very young recruits
the eggs were significantly lighter than in fish recruiting at an older age and in
repeat-spawners. The difference in egg weight between the youngest recruit
spawners and the next age-group was about 10-149 in Norwegian, Baltic
and Clyde herring, 5-6% in Minch and Sandettié herring and 2%/ in Dogger
herring. In Buchan and Dieppe herring no increase in egg weight from two to
three year-old spawners was found. For older fish no relationship of egg weight
to age or size of the mother was established. In contrast to the increase in
fecundity, the egg weight seems to remain constant over the main part of the
mature life in herring,

4. Dry weight of eggs can be taken as a character for discriminating between
various groups of herring and is closely related to the spawning season. Spring
spawners from Norway, western Scotland, and from western and southern
Ireland had large eggsthough Balticspring spawners produced eggs whichwereless
than half the weight of Norwegian herring spawning about the same fime.
There was no difference in egg weight between spring spawners of the Elfbe
estuary and the western and the eastern Baltic. In spawners of the North Sea,
and in the waters west of the British Isles, the egg weight increased as spawning
became later from North to South. Late summer spawners of the Buchan and
Minch areas had less than half the egg weight of the late autuma (o winter
spawners in the Downs and Dunmore fisheries. Autumn spawners of the Dogger
and Manx areas showed intermediate egg weights, The difference in egg weight
between the different groups of herring in the North Sea was almost as high as
between Norwegian and Baltic herring.

5. The ecological importance of winter/early spring spawners producing
fewer but large eggs, and late spring/summer spawners producing many rather
small eggs, is discussed in the light of previous experimental results on the
different viability of larvae hatching from small and large eggs.

6. The total dry weight of all eggs produced at spawning by a female of 8
given length was calculated for some groups from published fecundity data
and from the average egg weight. The production of ripe eggs per season, and
thus the “spawning strain” on fish of a given length, was different for various
groups, being higher in Downs herring than in Buchan herring. It scemed to
be particularly low in Norwegian spring spawners.
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