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Egg Weight in Atlantic Herring
{Clupea harengus L .)
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The dry w eight o f  m ature herring eggs, m easured from  sam ples taken from  ab ou t 25 
spaw ning grounds, is very variable from  ground to  ground, w hile there m ay a lso  be age  
and year-to-year differences. T he m ean w eight varies by at least a factor o f  three, from  
1-2 m g per e g g  in B altic spawners o f  the  late spring, to  3-7 m g per egg  for  early w inter  
spaw ners o f  the southern N orth Sea. In general egg  weight is high for fish spaw ning in 
winter and early spring, and low  in  la te  spring, sum m er and autum n. A s  a  characteristic  
it can be useful for  defining “races’- as well as having w ide ecological im plications. U sually  
fecundity and egg  w eight are inversely related. T hus spawners with few er, heavier eggs will 
produce few , but large larvae with considerable yolk  reserves at a  tim e o f  p oor food  supply  
and a low  p redator population. U nder warm er cond itions a  larger num ber o f  sm all eggs  
are produced w hich can be seen as an adaptation  to  adequate larval fo o d , but high predation.

Introduction

T he highly com plex nature o f  the north-east A tlan tic  h erring  stocks an d  the 
ap p a ren t g rea t adap tab ility  o f  the  species have recently been em phasized by 
P a r r i s h  a n d  S a v il l e  (1965). In  co n tra s t to  m any o th e r  m arine fish, h erring  
seem to  differ widely in  th e ir  requirem ents fo r spaw ning w ith regard  to  season 
an d  hydrograph ica l conditions. S paw ning m ay take place in late w inter o r  early  
spring  p r io r  to  the  feeding season, in la te  spring  an d  sum m er d u ring  th e  feeding 
season  o r  in  au tu m n  when the m ain  feeding has ju s t  finished. T he difference in  
spaw ning tim e affects the  seasonal p a tte rn  o f  m etabolism  ( I l e s ,  1964). R elated 
to  th is a re  differences in the num ber o f  eggs (fecundity) p roduced  by  a  single 
fem ale o f  a  given size; in general sum m er/au tum n  spaw ners p ro d u ce  m ore eggs
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Figure 1. Location of spawning grounds from which samples have been obtained (see
aiso Table 1).

th a n  w in ter/spring spaw ners. T h is can  b e  seen from  the  d a ta  o f  various au th o rs , 
e.g. fo r Irish  herring  ( F a r r a n ,  1938), Icelandic spring  a n d  sum m er spaw ners 
( F r id r i k s s o n  an d  T im m e r m a n n , 1951 ; L ia m in ,  1959), W hite Sea ( A n o k h i n a , 
1961), parts  o f  the  Baltic (K A n d l e r  an d  D u i t ,  1958; R a n n a k ,  1958; S t r z y - 
z e w s k a ,  1960 a n d  others) an d  N o rth  Sea (B a x t e r ,  1959, 1963). Published 
d a ta  on  the size  or weight o f  ripe eggs o f  these groups o f  herring  are , how ever, 
ra th e r  scarce. R eference shou ld  be m ade to  con tribu tions b y  F a r r a n  (1938) 
a n d  B a x t e r  (1959) o n  fecundity, w here differences in egg size a re  m entioned as 
being  inversely related to  fecundity , w in ter/spring spaw ners hav ing  bigger eggs 
th a n  sum m er/au tum n spaw ners. F o r  the  eastern  Baltic, how ever, A n o k h i n a

(1962) m entions sim ilar egg size fo r  spring  a n d  au tum n  spaw ners. D ifferences 
in num ber an d  yolk con ten t o f  eggs have been considered as basic adap ta tio n s 
to  the  wide varie ty  o f  environm ental conditions m et by  young  larvae o f  the 
various spaw ning groups ( H e m p e l ,  1965). W hereas high num bers o f  eggs are 
necessary to  com pensate fo r  heavy p reda tion , h igh yolk  co n ten t facilitates 
survival as a  resu lt o f  the la rger size o f  the  larvae a t  hatch ing  a n d  by  a  longer 
lifespan on  the  yo lk  reserves, b o th  fac to rs placing the  larvae in a  m ore  favourable 
position  a t  the  com m encem ent o f  feeding ( B l a x t e r  a n d  H e m p e l , 1963; 
B l a x t e r , 1965). Efficiency o f  th e  conversion  o f  yolk in to  body  tissue a t  low
12'
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Table

Origin of egg samples and mean

Spawning group Spawning place Date (day/month/year) n

N orw egian spring O ff M ere 3 .-1 7 , M arch 1961 46
O ff M ore 7 .-8 . M arch 1962 92
S toreS otra 17.-21 . M arch 1962 82
Sklinna-Bank 9. M arch 1963 72

C lyde spring Ballantrae Bank 8. M arch 1961 20
Ballantrae Bank 21. F eb .-2 . March 1962 72
Ballantrae Bank 13. March 1963 85

Irish spring D onegal, Stags o f  Broadhaven M arch 1963 23

M inch autum n U llapool 11. Sept. 1962 34

M anx autum n Isle o f  M an 13.-21 . Sept. 1962 35

D onegal autum n K illybegs 17.-25 . O ct. 1962 20
Inver Bay 52

D unm ore winter Bagibun Bay 18. Jan. 1962 56
D unm ore East 2 9 .-3 0 . N o v . 1962 46
D unm ore East 8 .-1 5 . Jan. 1963 97

Buchan sum m er Turbot Bank 2 2 .-2 4 . A ug. 1961 14
M oray Firth 28. A ug. 1961 34
Clythness 24. A ug. 1962 27

W hitby-D ogger Whitby Sept. 1962 15
autum n D ow sing  r  H aisborough Sept. 1962 35

D ogger various positions 14. S ep t.-1 3 . O ct. 1961 59
Bolders Bank 21. Sept. 1962 20
O uter Silver Pit 22. Sept. 1962 69
W est o f  D en H elder 2 ! . N o v . 196! 24
D ogger 23. Sept. 1964 67

D ow n s winter Sandettié 3. D ec. 1961 25
Sandettié 22. N o v . 1961 26
D ieppe-Fécam p 2 4 .-2 6 . N o v . 1961 52
Sandettié 29. N ov. 1962 100

C ontinental Eibe Estuary 18. M ay 1962 11
coasta! spring Elbe Estuary A pril 1963 12

W estern Baltic spring K ieler Förde 20. A p r .-I2 . M ay 1961 20
K ieler Förde 9 .-1 8 . M ay 1962 40
N ord-O stsee K anal (R endsburg) 16. Apr. 1962 42
Kieler Förde 13. A pr. 1964 64

Eastern Baltic Rügen 22. Apr. 1963 4
spring-sum m er Bay o f  Puck (K uznice) 25. Apr. 1964 11

Bay o f  Riga 18. M ay-20 . June 1962 78
Bay o f  Finland (E spoo) 16. June 1962 40

tem peratures appears, how ever, som ew hat h igher in  la rvae  from  sm all eggs 
than  in th o se  from  large eggs (Blaxter  an d  H empel, 1966).

The b io log ical im portance o f  the size o f  eggs fo r  survival o f  the offspring 
an d  the possib le use o f  egg w eight as a  character fo r  d iscrim inating  the  various 
spaw ning g ro u p s  o f  herring  suggested a  com parative  s tudy  between th e  var-
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length and age o f  the m other
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rious groups o f  Clupea harengus L. in the no rth -eastern  A tlan tic  an d  
ad jacen t seas. Som e prelim inary  resu lts o f  th is study  have a lready  been  presen ted  
a t  the  In terna tional C ouncil’s H erring  Sym posium  in  1961 (H em pel  and 
Blaxter, 1963).
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Table 2

Variation of dry weight o f  single eggs. Five Dogger spawners, September 1964. 
20 eggs per female. The results o f the routine weighings of 100 eggs are given

for comparison
length aga dry weight 20 individual weighings per female

of 100 eggs mean dry weight total range
(cm) (Kara) (mg) n - 2 0 (mg)

(mg)

25-5 3 17-3 0-174 +  0-0083 0 1 4 3  - 0 - 1 8 7
26-0 3 20-4 0-199 ±  0-0089 0 - 1 7 6 - 0 - 2 1 5
26-5 3 22-5 0-224 ±  0-0106 0-195 -  0-245
30-5 8 24-6 0-243 ±  0-0135 0-185 - 0 - 2 6 5
30-5 4 40-9 0-414 ±  0-0101 0-388 ...0-436

M aterials and M ethods

Sam ples o f  ripe eggs from  m ost o f  the m ain  spaw ning  groups in  the  n o rth ­
eastern  A tlan tic  w ere collected in  the  period from  1961 to  1964. The positions 
o f  the  sam ples, from  ab o u t 25 spaw ning g ro u n d s an d  from  all m onths o f  the  
year except Ju ly , a re  show n in  F igure 1. T h is extensive coverage w as m ade 
possible on ly  by  the  help  o f  several scientists fro m  labora to ries in  various 
countries, listed in  T ab le  1. T heir co llabo ration  is m uch appreciated.

The num ber o f  fish ta k en  in  each g ro u p  varied  w idely; in som e cases it  was 
possible to  sam ple extensively in successive years, w hereas in o thers the sam pling 
was ra th e r  restricted  an d  did n o t cover the  w hole range o f  size an d  age. The 
herring  were sam pled from  research  o r  com m ercial fishing vessels. I f  fish  were 
plentiful, sam pling w as m ade selective to  include fish o f  all size-groups. As 
so o n  as possible a fte r cap tu re , 1 to  2 m l o f  ripe  eggs were stripped in to  4 %  
form alin  in  d ilu ted  seaw ater (S 15%c,). A fter preserving the  eggs, the to ta l 
length o f  each  fem ale was recorded an d  scales o r  o to liths taken  fo r age- 
determ ination .

F o r  dry  w eight determ inations, 100 fixed eggs p e r  female were rinsed w ith  
distilled  w ater, d ried  to  co n stan t w eight in a  desiccator a t  50 “C  for one o r  two 
days an d  w eighed to  an  accuracy o f  0-05 to  0-1 mg.

P e t e r s  (1963) show ed sm all increases in  the w et w eight o f  Tilapia  eggs afte r 
fixation in  form alin . In  o rder to  determ ine w hether fixation in form alin-sea- 
w ater causes a  change in  d ry  m atte r o f  the h e rring  egg th e  follow ing te st was 
m ade. Ten sam ples o f  50 eggs were taken  from  a  B uchan  spaw ner an d  im m e­
diately d ried  to  co n stan t w eight w hen fresh. F u r th e r  sam ples were fixed in 
the  usua l w ay. A fter ab o u t ten weeks fixation a  fu rth e r  ten  sam ples o f  50 eggs

Table 3

Variation of average dry weight in to i samples (100 eggs each) for each o f three
females of different origin

average of
Spawning group sen samples of 100 eggs each (mg) total range (mg)

N orw ay , M arch 1962 ...................  35-52 ±  0-087 35-2 -  36-1
D ogger, Sept. 1964 ........................  23-09 ±  0-37 21-4 -  25-8
K iel. April 1964 ...............................  20-76 -t- 0-36 18-8 -  22-3
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w ere dried  an d  the weights com pared  w ith  those  o f  th e  sam ples d ried  fresh. 
T he fresh sam ples h a d  an  average d ry  w eight o f  17-84 m g/100 eggs an d  the 
fixed sam ples 17-97 m g/100 eggs, represen ting  a  non-significant difference o f  
u n d er 1 %.

T he varia tion  o f  egg w eight w ith in  a  single sam ple was determ ined  in  five 
sam ples o f  D ogger h e rring  on ly ; in  each  o f  these sam ples, 20 eggs were weighed 
individually  on  a  m icro-analytical balance to  a n  accuracy o f  0-005 mg. M eans 
an d  variances fo r the  individual w eights an d  also  th e  to ta l w eight o f  th e  norm al 
sam ple o f  100 eggs a re  given in  T ab le  2. Very close agreem ent w as found 
betw een the  m eans o f  th e  ind iv idual w eighings (4 th  colum n) an d  th e  m ean 
w eights/100 eggs norm ally  m easured  (3rd  colum n). The variance o f  individual 
egg w eights w as m uch low er than  the  variance o f  m ean egg w eights between 
fem ales in  the D ogger p o p u la tio n . T he la tte r  variance is, how ever, unusually  
h igh com pared  w ith m any o th e r g roups. In  general the sm allest egg o u t o f  a  
sam ple o f  20 was 11-33%  (average 20% ) lighter th a n  the  heaviest egg o f  the 
sam ple. F u rth e r  stud ies a re  u n d er w ay in  rela tion  to  the suggestion by  A nokhina  
(1963) a n d  N ikolsky (1962) th a t egg size is m ore  variable in  poorly -fed  females.

A s an  additional test o f  the  varia tio n  in  egg w eight w ith in  a  fem ale, 10 
replicate sam ples o f  100 eggs were weighed from  a  single fem ale o f  K iel, D ogger 
a n d  N orw egian herring  respectively. T ab le  3 show s the  very  low  variance 
betw een the  10 sam ples ta k en  from  the N orw egian  female w here the  lowest 
w eight was only  3 %  less th a n  the  highest. In  the  o ther two fem ales, o f  D ogger 
a n d  K iel o rig in , the  low est sam ple weights w ere respectively 17%  an d  16% 
less th a n  the  h ighest sam ple w eights o f  the  sam e female.

Results

Variation in egg weight within spawning groups
W ith in  each  g ro u p  th e  m ean  d ry  w eight o f  eggs varied considerab ly . The 

v aria tio n  betw een fem ales w as m uch h igher th a n  th e  variation  betw een  replicate 
sam ples taken  from  a  single fem ale. In  m ost spaw ning g roups the  95%  co n ­
fidence lim its were one-ha lf to  tw o-th irds as g rea t as the m ean  egg w eight o f  
the  group . O nly in  B uchan an d  M in ch  h erring  were the 95%  confidence lim its 
less th a n  h a lf  the  m ean  egg w eight o f  th e  group.

In  o rd er to  check how  far th is variance w as du e  to  differences in  sizes  o f  the 
m others, m ean d ry  w eights o f  th e  eggs o f  individual fem ales o f  each  g roup  
w ere p lo tted  aga inst th e  to ta l leng th  o f  the  female. The results a re  show n as 
sca tte r d iagram s in  F igure 2 fo r all g roups. In  the  m ain  the  g rap h s  do  no t 
suggest any close rela tionsh ip  o f  egg w eight to  to ta l leng th  o f  the  m other. 
T h e  correla tions w ere statistically  significant in only  a  few instances, as shown 
in  T ab le  4.

I t  seems th a t in  those g roups w hich consisted m ain ly  o f  sm all, fast-grow ing 
fish, egg w eight was positively rela ted  to  th e  size o f  th e  m o ther, w hereas in  
th o se  groups in  w hich the  m ajo rity  o f  thefish  w ere o lder, w ith slow er g row th , such 
co rre la tions d isappeared. In  tw o  g roups it was even found  th a t very  large fish 
tended  to  have sm aller eggs, a lth o u g h  th is was n o t significant statistically. 
T hese were B uchan au tu m n  spaw ners o f  1962 an d  D onegal sp ring  spaw ners o f  
1963. B oth consisted m ainly o f  exceptionally  large fish.

T o  check the  effect o f  age ra th e r th a n  leng th  a  g roup ing  o f  fem ales accord ing
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Figure 2. D ry w eigh t o f  100 eggs against total length o f  th e  m other in various spaw ning  
groups: a. N orw egian , b. C lyde.

to  age is given in  T able 5 fo r a ll sam ples fo r w hich  age d a ta  are available. The 
coverage o f  the  range o f  age w ith in  the  various g roups was n o t satisfactory  
in  several instances due to  the  scarcity  o f  old fish o r  to  the  prevalence o f  single 
s tro n g  year-classes. T he average egg w eight o f  various age-groups is show n in
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Figure 3 a-c . N o  statistical tests w ere applied . T hose age-groups w hich  consisted  
o f  10 o r  m ore  fem ales a re  m arked  b y  circles, age-groups represen ted  by  less 
th a n  fou r fish being  om itted  fro m  the  graphs.

As a lready  suggested by  the  rela tionsh ip  to  length , N orw egian  recru it 
spawners o f  3 -4  years o f  age, caugh t in  the skerries sou th  o f  Bergen, h ad  eggs
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D ry  w eight o f  100 eggs against total length  o f  the  m other in various spaw ning  
groups: e . B uchan, f. D ogger.

ab o u t 14%  lighter th a n  th e  o lder fish (30 rag/100 eggs an d  35 m g/100 eggs 
respectively). These fish, how ever, ca n n o t be taken  a s  typ ical N orw egian spring 
spaw ners, w hich norm ally  recru it a t a  som ew hat h ig h e r age (4 -6  years). F o r
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Figure 2. D ry  w eight o f  300 eggs against total length  o f  th e  m other in various spaw ning  
groups: g. D ow n s, h . K iel and Elbe.

the o lder h e rring  o f  8-14  years, no  fu rth e r  increase o f  egg w eight w ith  age o f  
the  m o th er w as observed. T he strong  year-class o f  1950 was sam pled in  th ree 
successive years a t  an  age o f  11-13 years. T he m ean  egg w eight d u rin g  this 
period w as stab le  a t  35 m g/100 eggs. T he num bers o f  very o ld  herring  w ere too
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Table 4
Correlation between length of the mother and dry weight of eggs

Origin year nurabcr offish
meao dry weight 
of 100 egg« dug)

correlation 
coefficient (r) p

M ore 1961 46 34-5 01 3 1 n.s.
M ore 1962 92 34-5 0-133 n.s.
Sotra 1962 83 28-9 0-361 P <  0  001
C lyde 1961 20 24-2 0-582 P < 0  01
C lyde 1962 72 31-7 01 1 1 n.s.
C lyde 1963 84 28-2 0-296 n.s.
D on egal spr. 1963 23 28-8 — 0-389 P — 0-06
M anx 1962 27 23-4 0-200 n.s.
M inch 1962 34 18-7 0-464 P  <  0-01
D onegal aut. 1962 20 21-7 0-420 P ~ 0 - 0 5
D onegal aut. 1962 32 20-0 0-840 P  <  0-001
D unm ore Jan. 1962 56 35-3 0-491 P  < 0 -0 0 1
D unm ore N o v . 1962 46 32-3 0-030 n.s.
D unm ore Jan. 1963 97 34-6 0-080 n.s.
Buchan 1961 47 15-8 0-282 P — 0-05
Buchan 1962 27 16 2 - 0 -0 2 8 n.s.
H aisborough 1962 50 20-9 0-040 n.s.
D ogger 1961 60 26-7 0 0 9 9 n.s.
D ogger 1962 19 18-5 0-645 P  <  0-01
D ogger 1962 66 21-2 0-070 n.s.
D en  H elder 1961 24 26-2 0-118 n.s.
D ow n s 1961 103 36-6 0-338 P  <  0-001
D ow ns 1962 100 36-9 0-358 P  <  0-001
K iel 1961 20 12-6 0-500 P <  0-05
K iel +  Elbe 1962 92 12-8 0-699 P  <  0  001
Puck 1964 11 14-4 0-460 n.s.
E spoo 1962 40 11-8 0-191 n.s.

n .s. — n ot significant
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sm all to  perm it an y  conclusion as to  w hether egg w eight decreases a t  an  
advanced  age o f  the  m other. F  abran  (1938) a n d  Polder an d  Z ijlstra  (1959), 
how ever, fo u n d  ind ications o f  a  decrease in  fecundity  in  som e o lder age-groups 
o f  herring .

In  co n tra s t to  N orw egian  spaw ners, th o se  o f  the  C lyde are  on ly  available a t
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Table
Average dry weight of 100 eggs in relation to

O rig in ytar# 2 3 i 5 6 7 9
M erc  M arch 1961 30-0(1) 32-8(1) 33-3(5)
M ere M arch 1962 28-1(1) 38-3(2)
S otra M arch 1962 27-1(38) 29-3(35) 31-4(5)
Sklinna M arch 1963 25-5(3)
C lytie M arch 1961 21-4(8) 26-0(37) 28-8(1) 27-6(1) 23-3(1)
C lyde M arch 1962 19-2(1) 38-3(2) 32-3(53) 30-4(14)
C lyde M arch 1963 19-8(2) 26-6(37) 32-1(6) 28-9(26) 31-1(13)
D onegal M arch 1963 37-2(2) 28-0(1) 23-3(2) 33-9(3)
M anx Sept. 1962 22-4(7) 24-3(11) 24-1(4) 23-4(10) 23-3(2)
M inch Sept. 1961 37-4(11) 18-2(1) 19-6(12) 19-1(5) 18-8(5)
D onegal O ct. 1962 160(5) 20-2(29) 21-2(18) 21-3(5) 23-5(2) 21-1(7) 21-7(6)
D unm ore Jan. 1962 24-6(3) 33-5(10) 36-1(25) 38-4(5) 38-7(4) 32-8(4) 38-6(2)
D unm ore N o v . 1962 33-2(13) 32-3(15) 34-0(10) 29-6(3) 31-7(2) 32-3(3)
D unm ore Jan. 1963 31-6(18) 35-2(18) 34-9(42) 35-5(3) 29-6(1) 37-8(7)
Buchan A ug. 1961 16-0(5) 15-7(10) 15-3(25) 16-9(2) 17-2(6)
Buchan A ug. 1962 17-0(1) lS-8(6) 16-3(19)
W hitby Sept. 1962 20-3(2) 17-8(1) 21-5(28) 20-3(3) 20-1(16)
D ogger Sept./O ct. 1961 26-2(35) 26-8(5) 27-2(10) 28-2(5) 38-0(1)
D ogger Sept. 1962 16-2(13) 22-1(2) 20-8(37) 20-9(6) 21-0(18) 21-9(6)
D ogger Sept. 1964 21-0(1) 20-7(19) 21-3(32) 19-5(2) 20-9(6) 22-6(3) 23-7(3)
D en  H elder N o v . 3961 25-5(19) 27-7(4)
D iep p e N o v . 1961 38-8(21) 38-2(12) 38-2(12) 35-8(2) 46-9(2)
Sandettié N o v ./D e c . 1961 33-8(36) 36-1(10) 42-3(2) 40-9(1)
Sandettié N o v . 3962 35-3(25) 37-4(55) 36-0(12) 42-4(3) 39-8(1)
E lbe April 1962 11-0(7) 11-6(4)
K iel A p ril/M a y  1961 11-0(1) 12-6(12) 12-4(6) 16-9(1)
K iel M ay 1962 11-0(32) 13-3(19) 15-0(23) 17-7(2) 16-2(2)
K iel April 1964 16-5(36) 17-7(25) 16-1(1) 18-7(1)
R iga M ay/June 1963 10-9(26) 10-9(29) 13-0(12) 13-3(4) 14-1(2)

a  young  age, th e  sam ples m ain ly  consisting o f  rec ru it spaw ners o f  3 an d  4 years. 
T he egg weights w ere on  average low er in 1961 th a n  in  1962. T he youngest o f  
the  recru its, a t  3 years o f  age, had  ra ther sm all eggs; the  h ighest values were 
found  a t  4  years, follow ed by  a  decrease in 5 year-o ld  fish. I f  th is decrease is 
typical, one m igh t consider w hether the 5 year-olds spaw ning in  the  C lyde were 
abnorm al in  th e ir  rep roduction , o ther ¡fish reach ing  m atu rity  a t  3 -4  years and 
leaving the C lyde soon  afte rw ards fo r o th e r spaw ning  grounds.

D a ta  fo r 8 to  13 year-old herring  were available from  D onegal spring 
spawners. O ne m igh t consider the  o ld  D onegal h erring  an d  the young C lyde 
herring  as m em bers o f  the  sam e spaw ning group . In  D unm ore w inter spaw ners, 
as also in  M inch  an d  D onegal au tum n  spawners, w here a  wider range  o f  age- 
groups was available, egg w eight increased som ew hat in  the  first o n e  o r  tw o 
years o f  m atu re  life, b u t fluctuated  la ter on  w ithout a  trend . The d a ta  available 
for Baltic h e rring  w ere lim ited  to  young fish only. T hey  show ed an  increase in 
egg weight w ith  age o f  th e  m other. In  D ogger a n d  in  S andettié h e rring  some 
initial increases w ere also  obvious.

In  sum m arizing the  results fo r the various spaw ning  groups, it m ay be 
sta ted  th a t egg size is fa r less dependent on  the size a n d  age o f  the  m other 
th a n  is fecundity, a lthough  very young recru its d o  tend  to  have sm aller eggs 
than  o lder recru its an d  repeat-spaw ners. In  som e g roups, the  increase levels 
off afte r on e  y ea r; in  o the rs  (N orw egian, Baltic) i t  con tinues for longer. The
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age o f the mother. Number of females in parentheses
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a. N orw egian , C lyde, D unm ore and D onegal w inter-spring.

increase betw een tw o  successive age-groups m ay  reach  o r  exceed 10%  in 
N orw egian, Baltic a n d  C lyde herring , ab o u t 5 -6 %  in  M inch  an d  S andettié 
herring , an d  a b o u t 2 %  in  D ogger herring , in  D ieppe an d  B uchan herring  no 
increase was noticed.

Variation in egg weight between spawning groups

T he differences in  average egg w eight between various g roups were exam ined 
in  tw o ways, firstly by  the  use o f  egg w eight as a  charac ter fo r d iscrim inating 
“ races”  an d  secondly by  the  relationship  o f  egg w eight to  spaw ning  tim e and 
place.

(1) Egg size as a  “ rac ia l”  character.
T h e  h igh  variab ility  o f  egg weight w ith in  a  spaw ning g ro u p  an d  the  rela tion­

sh ip  to  age a n d  size o f  the  m o th er am ongst younger fish lim it the  value o f  egg 
d ry  w eight as a  d iscrim inating  charac ter in  h erring  “ rac ia l”  studies i.e. when 
try in g  to  show  genetical distinctions. In  add ition  to  the  m eans an d  variances 
listed in T able 4 , the  p lo ts  o f  egg w eight against length o f  the  m o ther, as given 
in  F igure  2, were used  to  show  the  overlap between th e  g roups. In  F igure 4  the 
a re a  o f  varia tion  fo r  each  spawning group  is show n su rro u n d ed  by a  line, in
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Figure 4. Eggw eight against length  o f  m other, b. N orw egian  recruits and western Baltic,
b oth  spring.

a  few cases the  values fo r on e  o r  tw o fish w ere so fa r o u t th a t i t  seemed u n ­
reasonab le to  include th e m  in  th is  area.

In  F igure 4 a  the  N orw eg ian  sp ring  spaw ners a re  com pared  w ith  o ther 
w in ter/spring spaw ners from  various localities w est o f  the British Isles. The 
average d ry  w eights fo r the  rec ru it spaw ners o f  N orw egian herring  an d  fo r the 
C lyde an d  D unm ore herring , in  w hich recru its were also  dom inan t, lay between 
26 an d  30 m g/100 eggs; those fo r old h erring  caugh t off th e  N orw egian and 
w est coast o f  Ire land  (D onegal) w ere som ew hat higher, 35-36 m g/100 eggs. 
In  spite o f  this difference in  the  averages, it seem s obvious from  Figure 4 a  th a t 
N orw egian, D unm ore, D onegal an d  C lyde w in ter/spring  herring ca n n o t easily 
be distinguished by  th e  dry  w eight o f  their ripe eggs.

C onsiderab le differences exist, how ever, betw een N orw egian an d  Baltic 
sp ring  spaw ners. In  F ig u re  4b  those  Baltic an d  N orw egian  herring  w hich were 
n o t very different in  ag e an d  spaw ningtim e are com pared , th a t is young N orw egian  
herring  (average age 4. 0  years) w hich were caugh t in  late M arch  an d  herring  
o f  the  w estern Baltic (3-6 years) caugh t in m id-A pril.

A lthough the N orw egian  h erring  were exclusively recru it spaw ners, w hereas 
m ost o f  the Baltic h e rrin g  were p resum ably  spaw ning fo r the second  tim e, 
th e  eggs o f  th e  N orw egian  herring  were in general considerably  heavier th a n  
those o f  Baltic herring . A p a rt from  differences in  grow th p a tte rn  an d  m atu ration  
rate , substan tia l differences in  term s o f  egg weight seem to  exist betw een 
A tlan to -S cand ian  a n d  B altic herring , b u t n o t betw een N orw egian  h erring  and 
w in ter/spring spaw ners o ff  the  w est coast o f  the  B ritish Isles.

W ith in  the various g roups o f  h erring  spaw ning in  spring  from  the  w estern 
bays o f  the  Baltic to  the  G u lf  o f  F in land , no  differences in egg weight could  be
13
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observed over a  wide range o f  lengths, (see F igure 4c). T he spring-spaw ning 
h erring  o f  the  Elbe, w hich belong  to  the g ro u p  o f  sm all p o p u la tio n s o f  the 
N o rth  Sea coastal w aters, were sim ilar to  the Baltic herring.

In  N o rth  Sea herring  (F igure 4d) th ree m ain  groups could be d istinguished, 
all spaw ning in the second h a lf  o f  the  year: B uchan  h erring  spaw ning 
in the  north-w estern  N o rth  Sea in  August- Septem ber, D ogger herring  spaw ning 
in  th e  w estern p a r t o f  the  cen tral N o rth  Sea in Septem ber -October, a n d  D ow ns 
h erring  spaw ning in the S ou thern  Bight an d  in  the easte rnm ost p a r t  o f  the 
E nglish  C hannel in N ovem ber-D ecem ber. T he average egg w eight o f  these 
th ree  g roups differed m arkedly. D ow ns herring, w ith  a  low fecundity , h a d  eggs 
w hich were, on  average, m ore than  twice as heavy as those  o f  B uchan  lish
(35 38 m g/100 eggs an d  a b o u t 16 m g/100 eggs respectively). T he gap  betw een
B uchan  an d  Downs herring  was bridged by D ogger herring , w hose egg weight 
overlapped  considerably those o f  the o th e r two groups. T he m ean  d ry  weight 
o f  the  eggs o f  D ogger h erring  was ra th e r low (ab o u t 21 m g/100 eggs) in  1962 
an d  1964, w ith  little difference betw een the  various spaw ning p laces (N o rth  o f  
D ogger, W hitby, sou th-w estern  D ogger, H aisborough, D ow sing), w hereas in 
1961 it was h igher (26-7 m g/100 eggs).

V arious groups o f  au tu m n  spaw ners a re  also  fo u n d  o ff the  west co ast o f  
the  B ritish  Isles. Their d istribu tion  in  term s o f  egg size is show n in  F ig u re  4e. 
In  o rd e r  to  m ake the  d a ta  as com parable as possible on ly  sam ples from  
S eptem ber 1962 to  Jan u ary  1963 were used, whereas in  F igure 4 a  all D unm ore 
d a ta  from  1962 an d  1963 were taken  together. T he sm allest eggs w ere found  
in  M inch  herring , spaw ning in  Septem ber. M an x  herring , spaw ning  a t  the 
sam e tim e fu rthe r to  the  sou th  in  th e  vicinity o f  Isle o f  M an , a n d  D onegal 
au tu m n  spaw ners caught on  the  west coast o f  Ire land  in  O ctober, w ere fairly 
sim ilar in th e ir  egg weights, w hich on  average were h igher than  in  M inch 
herring , although  the overlap  between the values fo r  D onegal an d  M inch 
herring  was considerable. Sam ples taken  in  the D unm ore fishery o ff  the  sou th  
coast o f  Ire land  in N ovem ber show ed a  considerably higher egg w eight than
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the o th e r  g roups. In  Ja n u a ry  some fish h ad  la rger eggs th a n  an y  caugh t in 
N ovem ber. I t  is obv ious th a t D unm ore iate au tu m n  an d  w inter spaw ners were 
qu ite d istinct from  M inch  au tum n  spaw ners in  th e ir  egg w eight, th e ir  eggs 
being  on  average tw ice as heavy as those o f  M inch  herring . Egg weights o f  
M anx an d  D onegai h e rrin g  overlapped th o se  o f  b o th  the o th e r g ro u p s; in this 
way the p a tte rn  is sim ilar to  th a t in N o rth  Sea au tu m n  spawners.

It is an  open  question  as to  how  the  h erring  o f  the w aters west o f  B ritain  
are racially  connected  w ith  A tlan to-Scandian  an d  N o rth  Sea herring . In  F igure 
4a no  consisten t d ifference in egg w eight betw een Clyde, D unm ore, D onegal 
an d  N orw egian w in ter-spring  spaw ners was found . In  F igure 4f, D unm ore 
herring  caugh t in Ja n u a ry  1962 and 1963 are  com pared  w ith the  tw o m ain 
com ponents o f  D ow ns herring , spaw ning o ff D ieppe an d  a t  Sandettié. The 
D unm ore herring  h a d  a b o u t the sam e range o f  variance as the tw o com ponents 
o f  D ow ns herring . A  com parison  betw een N o rth  Sea B uchan h erring  and 
M inch a n d  M anx  h errin g  (F igure 4g) show s considerab le separation  betw een 
these p o p u la tio n , w ith  very little overlap  betw een B uchan an d  M anx fish.

Discussion
Variation in egg weight within spawning groups

W ithin  a  spaw ning g ro u p  there is little tendency  fo r a  genera! increase in egg 
weight w ith age o f  the  m other, such as is found  w ith  egg num ber (fecundity). 
The on ly  s trik ing  fact is the  sm all eggs p roduced  by very  young rec ru it spaw ners 
(tw o o r  th ree  year-olds). I t  is th is w hich influences th e  tests o f  significance (see 
Table 4) to  the  ex ten t th a t a  positive rela tionsh ip  betw een egg weight an d  length 
o f  the m o th er is sta tistica lly  significant only w hen the  eggs o f  these very  young 
recruits a re  p resen t in the  sample.

The question  is how  such differences affect the  viability o f  the offspring o f  very 
young  rec ru it spaw ners com pared  w ith older fish. F o r  instance the  N orw egian 
recru its h av e  eggs as m uch  as 14% lighter th a n  older fish (30 m g/100 eggs 
com pared  w ith 35 m g/100 eggs). This results (see B l a x t e r  and H e m p e l ,  1963) 
in the  larvae from  such recru its surviving on  th e ir  yolk  supply fo r ab o u t two 
days less th a n  th o se  la rvae  from  older fish (39 com pared  w ith 41 days from  
fertilization, a t  the  tem peratu res prevailing  a fte r spaw ning). C onsequently , 
larvae from  rec ru it spaw ners will have ab o u t tw o days less aggregate tim e to 
achieve the  change fro m  in ternal to  ex ternal fo o d  sources. In add ition , the 
m axim um  body  w eight an d  length attained  on  the  yolk supply will be slightly 
less in  the larvae from  rec ru its  (0-13 m g, 10-0 m m ) th a n  in  the larvae from  older 
paren ts (0-15 m g, 10-5 m m ). This could  affect such  factors as sw im m ing speed, 
liability to  p red a tio n  a n d  dependence on  physical factors in th e  environm ent.

B r i d g e r  (1960, 1961) a n d  C u s h i n g  an d  B r i d g e r  (1964) ob ta ined  evidence 
w hich suggested th a t rec ru it herring  in  the  sou thern  N o rth  Sea were p roducing  
less viable larvae th a n  o ld e r herring . If the weights o f  eggs produced by spaw ners 
in the S andettié  a rea  a re  ex tracted  from  T ab le  5 it is found th a t the  recruits 
have eggs w hich a re  6 to  7 %  lighter than  o lder spaw ners, whereas fo r D ieppe 
herring  no  difference in  egg size in  older fish was found. B l a x t e r  an d  H e m p e l
(1963) have a lready  estim ated  th e  effect o f  th is  o rd er o f  difference* on  the

* Difference o f  9%  as given  in B l a x t e r  a m i  H e m p e l  (1963) is an overestim ate based on  a
mixture o f  older D iep p e an d  younger Sandettié herring.
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Figure 5. A verage dry weight o f  eggs in various spaw ning groups against m onth  o f  spawning.

viability  o f  the larvae. The larvae from  recruits m ight b e  expected to  survive 
o n e  day less than  those  from  o lder fish (27 com pared  w ith  28 days a t  the  p re ­
vailing tem perature). The larvae w ould  a tta in  a  slightly low er m axim um  weight 
an d  length on  th e  yolk  supply (0-16 m g, 10-7 mm  for larvae from  recruits, 
0-17 m g, 1M  m m  fo r  larvae from  o lder fish). The d isadvantage to  the  larvae 
in  the Sandettié a rea  o f  the  sou thern  N o rth  Sea is a  little less th a n  to  those 
from  Norw egian fish. A s C ushing  an d  Bridger  (1964) com m ent, the significance 
o f  such  differences in  term s o f  viability rem ains in question .

Variation in egg weight between spawning groups
(1) “  Racial ”  differences

Egg weight clearly  varies so m uch  from  group  to  g roup , th a t it should  be 
considered as a useful “ rac ia l'' ch a rac te r a n d  should be included in  the lists o f  
the  characteristic features o f  each h erring  group. Egg w eight (and fecundity) 
m ay shed som e light on  the  p resen t p rob lem s o f  the in terre lationsh ips between 
g roups whose iden tity  is in  some d o u b t. Such a  technique h as  recently been 
adop ted  by  Parrish  an d  Sa ville (1965). F o r  instance the  B uchan -  D ogger -  
D ow ns progression in  spaw ning is show n to  be even m ore d istinct th a n  the 
space an d  tim e factors suggest. T he large differences in  m ean  egg w eight and 
fecundity  suppo rt th e  thesis th a t B uchan  an d  D ow ns h erring  are  distinct, 
a lthough  the  la tte r m ay possibly consist o f  tw o sub-groups. M ixing due to 
accelera ted  o r  late spaw ning m ay on ly  affect the  D ogger g roup . H ow ever, the 
ex ten t to  w hich egg weight is an inherited  factor, independent o f  the  env iron­
m ent, is still open to  question and “genetica]”  affinities an d  differences based on  
th is  character should  only  be suggested w ith  caution.

P erhaps m ore definitely, the inherited  distinction betw een the  Buchan, 
M inch and M anx sum m er spaw ners can  b e  p u t forw ard. H ere  spaw ning season 
a n d  the events leading u p  to  it (such as the  “ tem perature an d  feeding histo ry”  
o f  the  paren ts) a re  sim ilar and less likely to  have had an  influence on  th e  egg
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weight. A  sim ilar distinctness m ay be postu la ted  in  the  D ow ns an d  D unm ore 
fish spaw ning  in N ovem ber. T he D u n m o re  herring  spaw ning in Ja n u ary  are, 
how ever, very s im ilar in  egg w eight to  th e  N ovem ber spaw ners o f  the sou thern  
N o rth  Sea.

Egg w eight w ould  be a  m ore valuable ch a rac te r if  i t  could  be used a t  times 
o f  year o th e r th a n  the  spaw ning season. In  co n tra s t to  fecundity  (Baxter, 1963) 
it does n o t p e rm it an  assessm ent o f  percentage m ixing (and  therefore o f  
percentage exp lo ita tion ) o f  different g roups on the feeding g rounds well before 
spaw ning.

(2) Egg weight in relation to spawning tim e and place

F rom  the  ecological po in t o f  view th e  m ateria l can  be divided into three 
m ain  groups acco rd ing  to  the  season o f  spaw ning. This can  be seen in  F igure 5, 
a lthough  an y  g ro u p in g  according to  m onths m ust b e  som ew hat artificial when 
com paring  fish from  different areas, e.g. in the easte rn  Baltic, spring occurs 
very late so  th a t the  cond itions in  the  G u lf  o f  R iga a n d  th e  G u lf  o f  F in land  
in June m igh t be com parab le  w ith those in K iel Bay in M ay. Egg weight in 
easte rn  Baltic h erring  was alm ost the sam e as th a t o f  la te spaw ners in Kiel Bay,

a. H e r r i n g  s p a w n i n g  i n  w i n t e r  a n d  e a r l y  s p r i n g  a t  a  t i m e  
w h e n  a d u l t s  a r e  e x i s t i n g  m a i n l y  o n  t h e i r  b o d y  r e s e r v e s .  The eggs 
develop a t  relatively low  tem peratures an d  the  young  larvae m eet p o o r  supplies 
o f  food, especially larval Z ooplankton; on  the  o th e r h a n d , the  p red a to r popu la­
tion  m ay also  be scarce. T he N orw egian, Clyde an d  D onegal h erring  spaw ning 
in  M arch  belong  to  th is group. A ll o f  them  have heavy  eggs an d  the  larvae 
h a tch  w ith  very  large yolk-sacs o n  w hich  they grow  to  a  size w hich enable, 
them  to  feed on  relatively large p lan k to n  organism s (Blaxter and H empel, 
1963; Blaxter , 1965).

b. H e r r i n g  s p a w n i n g  in s p r i n g  a f t e r  i n c r e a s e s  i n  a b u n d a n c e  o f  
Z o o p l a n k t o n .  T he fish o f  this type m ay have com m enced feeding afte r the 
over-w intering  period  before they spaw n. T he larvae ha tch  u n d er favourable 
feeding cond itions, especially those ha tch ing  late in the  spring. This g roup  is 
m ainly represented  by  Baltic herring . T heir eggs a re  very sm all, even sm aller 
t han  those  o f  N orw egian  recruits w hich spaw n only  a  few weeks earlier, b u t the 
w arm ing-up o f  the  w ater in the w estern Baltic is m uch faster than  on  the 
N orw egian coast. T he B altic larvae hatch ing  a t  the en d  o f  A pril o r  in  M ay  may, 
therefore, m eet m o re  favourable feeding conditions th a n  th e  larvae off Bergen 
in A pril. I f  th e  average d ry  weights o f  th e  various sam ples o f  w estern Baltic 
he rring  are  p lo tted  against the date o f  cap tu re  a  decrease o f  egg size w ith 
progressing season becom es apparen t. This m ight be due p artly  to  the  increasing 
percentage o f  recru its  in  the catch, in th e  la ter p a r t  o f  the season, b u t it m ight 
be also an  a d a p ta tio n  to  the environm ental cond itions w hich change rapidly 
w ith  th e  p rogressing  season.

c. H e r r i n g  s p a w n i n g  i n  s u m m e r  a n d  a u t u m n  w h i c h  e i t h e r  i n t e r ­
r u p t  t h e i r  f e e d i n g  s e a s o n  i n  o r d e r  t o  s p a w n  o r  w h i c h  h a v e  j u s t  
f i n i s h e d  f e e d i n g .  T he larvae h a tch  under favourable feeding conditions if 
spaw ning takes p lace  in Ju ly  to  Septem ber, b u t the  supply  o f  suitable sm all 
Z ooplankton will decrease later. This g roup  is represented  by  the N o rth  Sea 
B ank (B uchan) h erring  an d  by the au tum n  spaw ners w est o f  the  British Isles. 
F o r  b o th  areas the re  is a  striking increase in  egg size w ith  th e  progress o f
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F igure 6- A nnual total egg weight p roduction  in relation to  length o f  the m other in  three 
spaw ning groups o f  N orth  Sea herring and in N orw egian  herring. T h e figures are calculated  
from  published  fecundity data m ultiplied by the average dry weight o f  eggs in successive

centim etre groups.

season, the  B uchan herring  spaw ning in A ugust (16 m g/100 eggs) hav ing  the 
sam e sm all egg size as Baltic h e rring  caugh t in A pril, D ogger, W hitby , M inch, 
M anx  a n d  D onegal herring , spaw ning in S eptem ber-O ctober, have som ew hat 
heavier eggs (18-27 mg/100 eggs). D ow ns herring , w hich are  otherw ise closely 
related to  the  N o rth  Sea au tum n  spaw ners, a re  ecologically o f  the  w inter type 
w ith  very  large eggs.

Spawning “strain”
T he fac t th a t egg weight an d  nu m b er are inversely rela ted  in d ifferent groups 

does n o t necessarily  im ply th a t the to ta l w eight o f  ripe eggs ju s t  befo re  spaw ning 
is th e  sam e in  all the  groups. Size a t  first m atu rity  is d ifferent in som e groups 
and the  increase in  to ta l egg m ass w ith  length  m ay also vary. In  F igure  6 curves 
are given show ing the increase in d ry  weight o f  the to ta l ripe egg m ass with 
length  o f  the  m other, fo r b o th  N o rth  Sea and N orw egian  herring . T he to ta l 
ripe egg m ass fo r each length g ro u p  (cm ) o f  fish is calculated from  the  dry  
weight d a ta  o f  the  p resen t paper a n d  fecundity  figures given b y  K ändler  and 
D utt  (1958), Polder  an d  Z dlstra  (1959) an d  Baxter (1959). W ith in  the 
N o rth  Sea herring  the  to ta l ripe  egg m ass fo r an y  given leng th  o f  fish was 
highest in  th e  later an d  m ore sou therly  spawners. F o r  exam ple, a  D ow ns 
herring  o f  27-5 cm produced  7-3 g  d ry  w eight o f  eggs a n d  a  B uchan  h erring  
o f  the sam e length  only 5 g. This can  be considered, a t  least p a rtly , a s  a 
consequence o f  th e  longer feeding period  before spaw ning; it could  also  be 
considered as a  greater spaw ning “ s tra in ” on the  D ow ns fish. T he N orw egian 
herring, w hich first m ature a t a  g rea te r length  and age, show  a  low  to ta l egg 
m ass a t a  given length  com pared  w ith  N o rth  Sea herring . O n  th e  o th e r hand  
th e ir  life span  is longer and over th is  the  aggregate egg m ass p roduced  by  a  
fish m ay  well b e  as high, o r  higher, th a n  in the N o rth  Sea.

P eters (1963) reported  b o th  a  sim ilar inverse co rre la tion  betw een egg size
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an d  fecundity  in  Tilapia  an d  a  sim ilar increase in spaw ning “ s tra in ”  w ith 
increasing length . These fac to rs could  be rela ted  to  th e  type o f  incubation , 
w hether the  species in question  were "su b stra te -”  o r  “ m ou th -b rooders” .

Factors affecting egg weight
Superim posed on  general g ro u p  differences, w hich are p robab ly  genetically 

determ ined , a re  occasional year-to -year differences w hich m ay resu lt from  
environm ental conditions. T h is was found  in the  C lyde in 1961 an d  1962. It 
w as no t possib le to  ma k e  co n co m itan t studies o f  fecundity , which m igh t also 
have varied , because it is n o t certa in  dur i ng the spaw ning  season w hat p ro ­
p o rtion  o f  the eggs have been shed. Baxter (1963) m entioned th a t fecundity  
did no t seem  to  vary  noticeably  on  a  yearly basis in N o rth  Sea herring , though  
A nokhina  (1963) reported  such varia tions in  the W hite Sea.

I t is o f  in terest th a t Bagenal (1963a, b ; 1965) rep o rted  annua l varia tions in 
the  fecundity  o f  tlatfish in  th e  C lyde sea area . In  o n e  species there w as som e 
evidence fo r the fecundity  being  density-dependent, th a t is h igher w hen the 
pop u la tio n  was reduced in  num bers. I t is desirable in herring  to  m easure 
changes in  egg w eight over a  num ber o f  years, a t  the  sam e tim e m easuring  
fecundity  shortly  befo re  spaw ning  a n d  try ing  to  assess popu la tion  density, 
food supply  an d  env ironm enta l cond itions over the  preced ing  m onths.

F u rth e r sources o f  varia tion  in  egg size lie in  changes w ith age, there being  a 
tendency fo r an increase betw een first-spaw ners (especially when very  young) 
an d  repeat-spaw ners. In  add ition , the re  a re  differences betw een the  m ean  egg 
w eight o f  fem ales o f  a  given age an d  g ro u p  as well as individual differences in 
the eggs com ing from  a  single female.

Genera]
Egg size is clearly a  “ rac ia l”  charac ter o f  som e diagnostic  value. W ith 

fecundity  it  also has im p o rtan t ecological im plications in  term s o f  survival 
an d  recru itm en t, in  p articu la r because such large differences a re  fo u n d  within 
a  single species. There a re  som e o th e r instances w here egg size has been found 
to  be variable, fo r exam ple in  Acanthias  (Templeman, 1944) an d  in Tilapia 
(P eters, 1963). I t  w ould b e  valuab le to  extend the  study  to  o ther fish species 
w ith  less specialised rep roduction  w here it  has, u p  to  the  presen t, been  con­
siderably  neglected.
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Summary

1. Sam ples o f  ripe  eggs were collected from  different spaw ning  groups o f  
herring  in  the  north -eastern  A tlan tic  an d  adjacen t seas (F igure 1 an d  T able 1) 
an d  fo r each  female the  d ry  w eight per 100 eggs w as determ ined.

2. W eighings o f  single eggs an d  o f  replicate sam ples from  on e  fem ale showed 
th a t the varia tion  w ithin a  female w as sm aller th a n  betw een the  fem ales o f  a 
spaw ning g ro u p  an d  also sm aller than  the varia tion  between g ro u p  m eans.

3. The varia tion  in  egg weight w ith in  a  g roup  was dependent, to  a  slight 
ex tent, on differences o f  leng th  an d  age o f  the m o ther. In  very young  recruits 
the eggs were significantly lighter th a n  in fish recru iting  a t  an  o lder age an d  in 
repeat-spaw ners. T he difference in egg weight between the  youngest recruit 
spaw ners an d  the  next age-group was ab o u t 10-14%  in N orw egian, Baltic 
an d  Clyde herring , 5 -6 %  in M inch  a n d  S andettie h erring  an d  2 %  in  D ogger 
herring . In  B uchan an d  D ieppe herring  no  increase in egg w eight from  tw o to 
th ree  year-old spaw ners was found . F o r  o lder fish no  re la tionsh ip  o f  egg weight 
to  age o r  size o f  the  m o th er was established. In  co n tra s t to  the  increase in 
fecundity, the egg w eight seems to  rem ain  co n stan t over the  m ain  p art o f  the 
m atu re  life in herring.

4. D ry  w eight o f  eggs can  be taken  as a  charac ter fo r d iscrim inating  between 
various groups o f  herring  a n d  is closely related to  the  spaw ning season. Spring 
spaw ners from  N orw ay, w estern S co tland , an d  from  w estern a n d  southern  
Ire lan d  had  large eggsthoughB alticsp ringspaw ners p roduced  eggs whichwereless 
th a n  h a lf  the w eight o f  N orw egian h errin g  spaw ning ab o u t the  sam e tim e. 
T here  was no  difference in egg w eight betw een sp ring  spaw ners o f  the  Elbe 
estuary  an d  the  w estern an d  the  ea ste rn  Baltic. In  spaw ners o f  the  N o rth  Sea, 
an d  in  th e  w aters w est o f  the  B ritish Isles, the  egg w eight increased as spawning 
becam e later from  N o rth  to  S outh . L ate  sum m er spaw ners o f  th e  B uchan and 
M inch areas had less th a n  h a lf  the egg w eight o f  the  late au tu m n  to  w inter 
spaw ners in  the  D ow ns and D unm ore fisheries. A utum n spaw ners o f  the  D ogger 
an d  M anx  areas showed interm ediate egg weights. T he difference in  egg weight 
betw een the  d ifferent groups o f  herring  in  the  N o rth  Sea was a lm ost as high as 
betw een N orw egian a n d  Baltic herring.

5. The ecological im portance o f  w inter/early  spring  spaw ners producing 
fewer bu t large eggs, an d  late spring /sum m er spaw ners p roducing  m any ra ther 
sm all eggs, is discussed in the light o f  p revious experim ental results on  the 
d ifferent viability o f  larvae hatch ing  from  sm all a n d  large eggs.

6. T he to ta l d ry  w eight o f  all eggs p roduced  a t  spaw ning  by a  fem ale o f  a  
given length  was calculated  fo r som e g roups from  published  fecundity  d a ta  
an d  from  the average egg weight. The p ro d u c tio n  o f  ripe eggs p e r  season , and 
th u s the  “ spaw ning s tra in ”  on  fish o f  a  given length , was d ifferent fo r various 
groups, being higher in  D ow ns herring  th a n  in  B uchan herring . I t seemed to  
b e  particu larly  low  in  N orw egian spring  spawners.
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