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ZOOPLANKTON AND THE DISCONTINUITY LAYER 
IN RELATION TO ECHO TRACES IN THE OSLOFJORD 

BY 

STEIN TVEITE 

Statens Biologiske Stasjon, Flodevigen, Arendal 

I N T R O D U C T I O N  

During cruises with R/V trGunnar Knudsenn it was discovered that 
the echosounder nearly always recordecl echoes froin the depth of the 
thermocline. In  accordance with the appearance of the traces (cf. Fig. 2) 
the term echo-hands was introduced. 

The echo-bancls might be caused by reflection from the border 
layer between two water masses (HASHIMOTO and MANIWA 1956, 
BANSE 1957, LENZ 1965) or from accunlulated particles in this layer 
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Fig. 1. ?'he Uslofjord and observation stations. 



(TROUT, LEE, RICHARDSOU dnd HARDEK JOKES 1952, GUSHIUG, LEE and 
RICHARDSON 1956, Id7~s~on-  1958, O L ~ E N  1960). The particles again 
might be living plankton concentrating in the layer or dead organisms 
and particles retarded in their sinking. 

From June 1963 through April 1964 attempts Tvere made to reveal 
the possible sources for the observed echo-bands in the Osloipjord (Fig. 1). 

M E T H O D S  

The SIMRAD echosouncler used in the present ilivestigation hacl a 
frequency of 38.5 I<c/sec. and txvo optional puls lengths, which were 1 
and 0.1 millisecond respectively. In  order to obtain distinct recordings 
the shortest puls length xvas always appliecl. If applying the longei 
puls length two narroTv echo-bands might coalesce and make one broad 
band. The speed of tlic  vet ecliosounder paper I\ as 1.3 clii per minute. 
The transmitted sound irnpuls Tvas constant, the source lcvcl liieasured a s  
sound intensity 1 m from the transducer being 105 dB// 1 p bar, but tlic 
the received signals could be amplifi ed. The amplifier hacl 11 positions 
and the corresponding ainplifications are given in Table I .  The lo~i~est 
echo that could be recorded ~41as - 40 dB// 1 AL bar. 

Table 1. Positions of the amplifier, the corresponding amplificatio~l ol a received 
impuls and minimum recordable signal (MRS) ia clB//l ,u bar. 

Position / 0 1 3 / 4 1 5 6 7 8 ; 9 ! 1 0  

1 
Amplification : 1 ? ? 1000 4000 7500 10000 1500030000450008000080000 I 
M R S :  

I 
I -21 -27 -30 -31 -33 -36 -38 --40 -40 

To find a measure of the strength of a received echo, the amplifier 
was turned succcssively clo~vn until the echo disappeared (Fig. 2) and 
the last position before its disappearance xvas used as a measurc. I t  was 
not possible to distinguish echoes above 4 m since the transmitter Ivas 
submerged underneath the hull 1.3 m and the receiver had a further 
2-3 111 blocltadcd area. 

The reflection factors in Table 3 are calculated from the formula: 

I, is the acoustic intensity of the reflected wave and Ii the acoustic 
intensity of the incident wave, ( ~ c ) , i s  the specific acoustic impedance in the 
medium on the side containing the sound source and (PC), the specific 



Fig. 2. Example of echo-bancls reprocl~tcecl in Flg. 4. 1) traiismittrr cleptll, 2) echo-band, 
3) s~~pl~osecl  h e r r i ~ ~ g  ancl(or) sprat reccrdings. 

acoustic impedance on the other side of the boundary plane. Q is the 
density and c the sound velocity in the respcctive mrclia. The formula 
is based on thc assuinption that normal incident sound xvaves are reflected 
from an ideal plane surface separating t~vo  ideal fluid media xvhich are 
incapable of exerting shear stresses. Tile acoustic pressure of the wave 
in the second medium must eq~ial  the acoustic pressure of the wave in 
the first medium, both pressures being taken immediately adjacent to 
the boundary plane. The coinponent of volume velocity nornial to the 
plane with which fluid froin one side approaches it, niust for an infinitesi- 
mally sliort distance equal the component of voluriie velocity normal to 
the plane with ~vhich fluid on the other side i~iovcs axvay. 

The souncl velocities are calculatecl from the Jorniuia given by 
MIDTTUN (1 964) : 

v, ,,, is the sound velocity in m/sec. at h e  temperature to C, salinity S O/oo 
and the pressure p in decibar (or metre). 



Plankton samples were taken by means of a horizontally towed net. 
The net had a square opening 1 in by 1 m with the mesh size 1 mm by 
1 mni. There was no wire in front of the opening, ancl the net was kept 
down by means of a canvas depressor. Towing time was half an hour 
from the net had reached the ~vanted depth till heaving was started. 
The speed of the vessel was 1.5-2.0 knots, implying that the net was 
towed 1300 to 1800 m in the proper depth. The percentage of plankton 
caught cluring lowering and heaving the net was assumed to be very 
low compared with plankton caught in tlic proper depth. The towing 
depth was determined from nieasuring the length and the angle of the 
wire. Attempts were made to sample from thc strongest echo-band or 
the strongest part of it. The net was also towed under and over these 
layers. 

Smaller plankton aninials lvere collected xvith a two inch rotary 
pump (capacity 100 llinin.) equipped with an armed two inch rubber 
intake hose. 300 litres of water were filtered trough a fine mesh plankton 
net (125 ,u). 

The samples were preserved on bord in 4 %  formaldehyde in water, 
and the organisms wcre counted in the laboratory, as a rule in subsamples 
of one or two tenths of the entire sample. Subsamples were obtained by 
means of thc plankton divider described by WIBORG (1951). 

The bathythermograms were adjusted to the thermometer readings 
from the Nansen water bottles. Some samples for salinity determinations 
were taken from the water bottles, but the majority of the salinity deter- 
minations were made on water obtained through the pump. The intake 
of the hose was mounted between two horizontal circ~llar plates with 
a diameter of 42 cm and a distance between the plates of 8 cm in order 
to as far as possible get the watcr from the measured depth. Comparable 
samples taken with water bottles and the plankton pump gave a difference 
in salinity correspondi~lg to about 1 m difference in sampling depth, the 
water bottle always sampling above the pump. BANSE (1955) similarly 
found a difference of 1.5 m. I t  was assulned that the figures here obtained 
from the pump were correct, ancl these figures were therefore applied 
when available. 

R E S U L T S  

Several observations during night cruises slio~\ied that artificial light 
clicl not affect the eclio-bancls implying that reflections were not caused 
by phototactic organisms, the fact that the echo-bands Tvere founcl in 
the same depth both clay ancl night iridicatecl the same. In  some cases 



Fig. 3. DiKe'erent types of ccho-bands observecl. 

only one single echo-band  as recordecl, in other cascs there were 
several ones, up to five, one just underneath the other (Fig. 3). 

The results froni the tow net are given in ?Table 2. All these sainples 
were taken during claylight. The greatest clisplacement volunic of plank- 
ton Mias found below the echo-bands at all the four stations. Corresponcl- 
ingly the numbers of organisms lvere highest below the layer cxccpt at 
S ~ n d r e  Steilesand tvhere a great number of fish eggs occurred. Fish 
eggs, when present, had always the maximum in the scattering layer, 
Pleu~obracJziapileu~ (0. F. Muller) also showed maxiniurn abundance there 
at the stations 3 and 4, but had a different distrib~ttion pattern at  the 
stations 1 ancl 2 (Table 2) .  The big jellyfishes Gjanea capzllata (L.) and 



Table 2 . Plankton ariimals caught with the horizontally towed plankton net . Numbers 
ancl displacement volumes of the samples above. in. and below tllc scattering layer . 

Statio11 1 . Vippetangen; 26 . June  1963: 1 130-1 700 hours . 
Echo-bands at  10 and 12 m. strength 7 . 

D e p t h i n m  5 9.5 14 

Iiathkea octofiunctata . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 0 1854 
Leizsin conoi(~ca . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 6 481 
Azuelia azlrita . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 6 2 
Pleurobrachin pilezls . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 9 72 
Other org.anisms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 10 267 

Total 8 31 2 676 
Displacement volu~ne m1.l) 1 1 18 

Station 2 . Bonnefjorclen. 1 . July . 1963. 1200-. 1600 hours . 
Echo-band at 11 m, strength 9 . 

Depth in m 3.5 10 20 

Ruthken octopz~nctntn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Eutoniiza iizrlicans . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Lensin conoidea . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 
A u ~ e l i n  az~ritn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 
Cyanea cal,illata . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Pleut ob~nchia pilezls . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 
Fisheggs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 
Other organism.; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29 

Total 43 272 8 680 
Displacement volume ml.') I 43 100 

Station 3 . S~liidre Steilesand 2 . and 3 . July 1963, 1000- 
1500 hours . Two to four echo-bands at  8-16 m. 
strength 9-5 . 

Depth in m 11 18 

Eutonina inrlicnns . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 1 73 
Lensiu conoidea . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 1 3 
Aurelia aztritn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 1 0 
Cyanen capillatn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 4 6 
Pleurobrnchia pileus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 36 25 
Fish eggs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 316 179 
Other organisms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11 70 104 

Total 15 393 365 
Displacement volume ml.') 1 4 64 

cont . 



Table 2 cont. 

Station 4. Bonnefjorden, 2 1. Jan. 1964, 1000-1400 hours. 
One echo-band at 8-14 m, maximum strength 5 
at 11 m. Mesh size in this case 10 mm. 

Depth in n~ 5 10 35 

L e ~ u i a  coizozdea . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 17 236 
Pleu? ob? achza pzleus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 2 3 1 
Sngzlta elegnns . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 0 4 
Otherorganisms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 3 11 

Total 0 43 252 
Displacenlent volume rn1.l) 0 2 14 

I) In the displacement volume A. auritn and C. capillata are not included. 
2, A great number of P. fiilezts disintegrated because of unsuited formalin concentra- 

tion. 

Aurelia aurita (L.) also sometimes occurrecl in greater numbers in the 
echo-band layer. Large jellyfishes may give echo-traces, but not with the 
appearance of an echo-band (BEYER, verbal information). The greatest 
concentrations of the other species were as a rule found below the level 
of the echo-band. Macroplankters thus seem not to present a probable 
source of sound scattering in the present cases. 

Fig. 4 shows the distribution of smaller plankton animals taken with 
the pump. I t  appears that the observed maxima correspond fairly well 
with the echo-bands at  the stations 6, 7 and 10. The total number of 
smaller planlcton at  the other stations have either no distinct maxima or 
the maxima are not in the depths of the echo-bands. 

Regarding the single species, the larvae of the polychaet Polydora 
ciliata (JOHNSTON) had a very distinct maximum in the scattering layers 
both at St. 6 and 7, but at St. 8, taken at night, the maximum was clearly 
above the layer. Some other species had their maxima in the scattering 
layer, but never in such amounts that they could explain the echo-bands. 

If we compare the echo-bands with the corresponding hydrographic 
condition, the echo-bands were in most cases found at depths where 
great gradients in salinity and(or) temperature occurred (Fig. 4). 

There is no good correlation between the theoretic calculated 
echoes and the strengths at  which they are recorded (Table 3) ,  but the 
two lowest calculated echoes had corresponding echo-bands which only 
were recorded at strength 10 and 9. 
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D I S C U S S I O N  AND C O N C L U S I O N  

Table 3. Strength and properties of echoes from the scattering layers where water was 
sampled with one metrc depth intervals. The calculations are made froin two successive 

observations in the layer where the largest difference was recorded. 

If only the geometric spreading of the sound wave is considered as 
transmission loss, the theoretical calculatecl echoes should lie between 
22 and - 24 dB// 1 p bar, implying that all calculated echoes have 
higher intensity than lnininzum recordable signal for the present echo 
sounder, - 40 dB// 1 p bar. I n  fact most of the echo-bands should have 

1 
Gee- 1 Re- 

been recordcd with far less amplification than they were. However, the 
ideal conditions required to give correct results with the formula for 
reflection factors are surely not fullfillecl. The calculations are made from 

Theore- 
tic 

observations taken with one metre interval, and the difference between 
the two observations are considered to take place somewhere within 
this metre without having any vertical climention. The vertical distri- 
butions of some echo-bands show that this is not the case, the sound 
must have been reflected f ron~  more than one plane. Hence the reflected 
sound waves are surely of lower intensity than calculated. However, 

+ 
Fig. 4. Total number of plankton taken in thc pump and the corresponding echo- 
bands, temperature and density. 1) station 5, Aug. 13, 1963, 1130-1600 hours, 
2) station 6, Aug. 14, 1963, 1000-1500 hours, 3) station 7, Aug. 15, 1963, 1000-1600 
hours, 4) station 8, Aug. 16-17, 1963, 2100-0030 hours (dark), 5) station 9, Dec. 
5, 1963, 1330-1600 hours, 6) station 10, Jan. 28, 1964, 1000-1500 hours, 7) station 
11, Apr. 22, 1964, 1030-1600 hours. 
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there is room for relative great reductions till the minimum recordable 
signal for the SIMRAD echosourider is reached. More exact conclusions 
will require both better acoustical equipment and more accurate 
hydrographical measurements. 

The echograms are affected by both the situation in the sea and 
the electronics of the echosounder. I t  is, therefore, difficult to compare 
results obtained from clifferent echosounders. BARRY, BARRACLOUGH and 
HERLIKVEAUX (1962)got different recordings of the same scattering layer 
with a 12 I<c/sec. and a 30 Kc/sec. echosounder. 

NORTHCOTE (1964) recordcd 9-12 mm long Chaobourus ( p a t )  
larvae when using a 200 I<c/sec. echosounder. 

From the present investigation it is concluded that zooplanktoll is 
not responsible for the echobands, similar to what LENZ (1965) found 
using a 30 Kc/sec. echosounder. The strong echobands recorded during 
the winter, when the xvater was clear and containecl comparatively 
little phytoplankton and detritus also support LESZ'S findings that the 
phytoplankton ancl detritus do not cause echo-bands. The material 
indicates, however, that the physical border between two water masses 
might be the real cause of the echo-bands in the Oslofjord. 

1. Using high amplification on the 38.5 I<c/sec. echosounder echoes 
from the depth of the discontinuity layer in the inner Oslofjord were 
mostly observable. 

2. The distribution of zooplankton was analysed from samples taken w-ith 
a plankton pump and tow nets. 

3. The vertical distribution of zooplankton, biomass, total number and 
number of the different species deinostrated that such organisms were 
not responsible for the echoes. 

4. Calculations made from hydrographic data are the bases for assuming 
that these special echo traces are caused by the border layer between 
two water masses. 

A C K N O W L E D G M E N T S  

The present paper represents the essential parts of a Cand real. 
thesis in marine biology at  the University of Oslo. The investigation was 
suggested by the University lecturer F. BEYER, and the work was per- 
formed under his supervision. Valuable help was also rendered by 
engineers of the SIMRAD factory (Simonsen Radio Company). All 
sampling was made in cooperation with E. ROSENVOLD who partly used 
the same material to investigate diurnally varying echotraces. 
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THE AUTUMN SPAWNING GROUP OF HERRING 
IN THE NORTHEASTERN NORTH SEA 

STEINAR HARALDSVIIC 

Institute of Marine Research, Bergen 

I N T R O D U C T I O N  

The Norwegian herring fishery in the North Sea started in 1898 
(IVERSEN 1904). During the first half of tliis century the effort was low, 
particularly clue to good profitability in other herring fisheries; i.e. those 
based upon the Norwegian spring spawning stock. The decline in the 
catches of the Norwegian xvinter herring fishery in the end of the fifties, 
however, incluced the fisherinen to a heavier exploitation of the herring 
stocks in the North Sea. The landings froin tlie North Sea, which before 
the encl of the fifties were below 100 000 hl, rose to nearly 200 000 hl in 

Fig. 1. Total catch of herring from the North Sea and Skagerrak and number of 
vessels participating in the fishery, 1945-1963. 1) total catch, 2) number of vessels. 



the years 1959-62 and in 1963 to more than 400 000 hl. The total 
catches and number of vessels participating in this fishery during the 
period 1945-63 are shown in Fig. 1. 

The official statistics of the effort in the herring fishery include all 
vessels with catches to a value of more than 5 000.-N. Kr. 

The majority of these vessels were mainly fishing for other species than 
herring, particularly Norway Pout and shrimps. The herring fleet in the 
early sixties consisted only of approximately 60-70 vessels. 

The main gear used in the herring fishery was bottom trawl and 
from 1959 onwarcls also pelagic pair trawl. A few clrifters have occasionally 
participated in this fishery, and during autumn 1963 some catches 
were also made by purse seiners. 

At the beginning of this century the major part of the catchcs was 
made cluring summer in the area east of Shetland and during autumn 
on the Viking Bank. From the end of the fifties thc fishery has been 
concentrated to the northeastern North Sea ancl the western entrance 
of the Skagerrak, particularly along the western slope of the Norwegian 
Channel. Except for the months June-July, when the trawlers switchecl 
over to fish Sancl Eel, the herring fishery went on throughtout the year. 
The distribution of the main areas of fishing in 1962 are summarized in 
Fig. 2. The landings from the various areas have bcen grouped into 
two-monthly periods. From this figure a regular pattern of movement 
emerges. In  January-February the majority of the catches came from 
the area west of Utsira. 

During March-April good catches were taken further north, 
between Utsira and Bcrgen about 20-40 nautical miles off the coa.;t. 

I n  July-August the main area of capture shifted to southwest and 
inore seaward, especially to the West Bank area. A productive fishing 
continued on this fishing ground in September ancl October, while good 
catches were also taken on the Fladen Ground. 

In  November-Desember the main centre of activity was in the 
Egersund Bank-Coral Bank area. 

The northeastern North Sea is supposed to be a mixing area of 
various populations of spring and autumn spawned herring. Thc spring 
spawning group of herring, which in recent years contribute a minor 
part of the herring stocks in this area, have been investigatecl earlier 
(HARALDSVIK 1968). The autumn spawned herring in the north-eastern 
North Sea is supposed to originate from: 

1) The <(Bank>> herring stock (Buchan and Dogger spawners). Spawning 
grounds from Shetland in the north to the Dogger Bank in the south. 
Spawning time from August to October. 



Fig. 2. Distribution of the Norwegian North Sea herring catches (two-monthly periods) 
in 1962. 1) Jan.-Febr., 2) March-April, 3) May-June, 4) July-Aug., 5) Sepi.- 
Oct., 6) Nov.-Dec., 7) frequency scale in 1 000 hl. 

2) The <<Do~vns>> herring stock, Spawning grounds in the southern 
North Sea and eastern English Channel. Spawning time in November 
and December. 

3) The northern ICattegat herring stocli (ICoppergruncl). Spa~vriing 
grounds in tile northeastern ICattegat. Spawning time in Sel3teniher 
and October. 

Tbc non spa~vning clistributio~l of these stocks are to some extent 
known from investigations on neristic characters and tagging esperi- 



ments. A review of the migration pattern of these stock is given by 
PARRISI-I AND SAVILLE ( 1965). 

The differences in meristic characters between spawning populations 
may be a results of differences in genotype, or of differences in enbiron- 
mental factors operating on one genotype, or of both these effects acting 
together. The plasticity in meristic characters presents the greatest 
diffic~tlties in distinguishing the individual fish in samples of mixed 
populations. However, using several characters ancl comparing data 
from same year-classes, this method can undoubtedly prove successful in 
determining the various populations present in an area of mixing. 

This report present some results of such analyses carried out on the 
autumn spawning group ol herring in the northeastern Nortli Sea 
during the years 1961-63. 

The origin 01 this herring has been investigated by comparing 
meristic characters r\~ith those of the Kattegat autumn spawning stock 
and the <<Bank)> ancl ctDo~vns)) stocks. 

M A T E I I I A L  A N D  M E T H O D S  

T~\rentythree samples were collcctecl from September 1961 to May 
1963. Most of the material originate from coniniercial catches, but 6 
samples were collected onboarcl research vessels. 

Otolith characters xverc usecl to separate spring and autumn spa.c\,ned 
herring (PARRISI-I AND SHARMAN 1958). This procedure left 2 632 autumn 
spal\ ners to bc studied. 

Sampling localities, gears and proportion of spring ancl autumn 
spawners are given in Table 1. There was no trend in l en~ t l i  composition 
of the hcrring taheii by cligerent gears, ancl the samples are, therefore, 
presumed to give a fairly correct piclure of the exploited stocks in the 
northeastern North Sea. 

All the herring were examined as to age, numbcr of vertebrae and 
stage of maturity. Both scales ancl otoliths were usecl for age cletermina- 
tions. Stage of maturity were clerterrnined according to the maturit> 
scale recommended bv the ICES Iicrring, Committee in 1962 (A~YoN. 
1963). 

The first growtll zone measurement in otoliths and the I,, I, ancl 1, 
lengths were cletermined for a part of the material. The first growth 
zone in otoliths was measured fro111 the centre of the opaque nucleus 
to the distal edge of the first ~vinter ring, aloiig an axis to the post-rostrum. 
The g r o ~ ~ t h  of the herring xvas estimated by back calculations of scales 
and applying the modified growth formula by LEA (1938). 



Table  1 . Sampling localities and composition of  spring and autumn spawned herring i n  the samples (%) f rom north-eastern 
North Sea. 1961-63 . 

1 Spring 
Sample number 1 Date 1 Locality I Gear I spawners 

1 . . . . . . . . . . .  1 1 1  9-61 N 59'00' E 03O00' Trawl 11.3 84.1 4.5 88 
2 . . . . . . . . . . .  241 9-61 N 58'55' E 03'09' Trawl 9.0 86.0 5.0 100 
3 . . . . . . . . . . .  16/10-61 N 59"20' E 03'00' Trawl I 11.0 86.5 2.5 200 

Au tumn 
spawners 

4 . . . . . . . . . . .  19/12-61 N 59'00' E 03'00' Trawl 
5 . . . . . . . . . . .  19/12-61 N 59'08' E 03'10' Trawl 
6 . . . . . . . . . . .  191 1-62 N 58'07' E 04'36' Trawl 
7 . . . . . . . . . . .  201 1-62 N 59'00' E 03'30' Trawl 
8 . . . . . . . . . . .  l /  3-62 N 59'45' E 03'35' Drift 
9 . . . . . . . . . . .  2.11 3-62 N 60'20' E 01'50' Trawl 

10 . . . . . . . . . . .  61 5-62 N 58'01' E 05'15' Drift 
1 1  . . . . . . . . . . .  7 /  5--- 62 N 57'42' E 05'55' Drift 
12 . . . . . . . . . . .  221 5-62 N 60°00' E 03'20' Trawl 
13 . . . . . . . . . . .  71 6-62 N 59'00' E 03"34' Trawl 
14 . . . . . . . . . . .  271 7-62 N 59'45' E 00'16' Trawl 
15 . . . . . . . . . . .  281 8-62 N 57'55' E 04'50' Drift 
16 . . . . . . . . . . .  3/ 9-62 N 59'47' E 01'35' Trawl 
17 . . . . . . . . . . .  251 9-62 N 58'06' E 05'14' Drift 
18 . . . . . . . . . . .  91 10-62 N 57'50' E 05'40' Drift 
19 . . . . . . . . . . .  2811 1-62 N 57'43' E 05'22' Drift 
2 0 . . . . . . . . . . .  221 1-63 N 58"40' E 03'40' Trawl 
21 . . . . . . . . . . .  201 2-63 N 58'20' E 04O01' Trawl 
22 . . . . . . . . . . .  231 3-63 N 60'05' E 03'30' Trawl 
23 . . . . . . . . . . .  31 5-63 N 60'28' E 04'18' Purse-seine 

- 

Uncer- 
tail1 

13.5 82.0 4.5 200 
19.0 76.0 5.0 200 
18.4 78.4 3.2 250 
24.4 72.0 3.6 250 
44.7 50.5 4.7 190 

4.6 89.3 6.1 197 
22.0 61.0 17.0 100 .p , 
16.7 68.7 14.7 150 
15.0 83.0 2.0 100 
15.3 81.3 3.3 150 
70.7 24.7 4.7 150 
55.3 26.0 18.7 150 
78.0 17.5 4.5 200 
19.0 76.0 5.0 100 
45.3 50.0 4.7 150 
20.0 72.5 7.5 200 
23.0 66.0 11.0 200 
15.5 81.0 3.5 200 
3.0 90.5 6.1 200 

11.0 82.0 7.0 100 
------.---- 

Total . . . . . . . .  25.0 68.8 6.2 3 825 



The quality of the herring exanlinecl varled betxveen samples. Except 
the 6 samples taken orlboarcl research vessels, the salilples were froin? 
2 to 10 days old before examination. These samples had either been on 
ice or beell frozen. No adjustments for shriilkage in length for these 
herring werc niacle. 

Frozeil inaterial niay also give some inaccuracy in the maturity deter- 
mination. Especially do the eggs tencl to get hyalilie after being frozen. 
The amount of hyaline eggs is the main character when distinguishing 
between the i i ~ a t u ~ i t y  stages IV and V ancl between the stages V and 
VI. Owing to cliKuse limits between the different stages it is in~possible 
to aclj~tst these data. 

R E S U L T S  A N D  D I S C U S S I O N  

AGE C O M P O S I T I O N  

Accorcling to DAHL (1907), CLARK (1933), HODGSON (1934) ancl 
Woon (1951) the formation of the scales begin when the youilg herring 
is about 4-5 cni in length, \vhicl~ is approximately the size increment 
of the autul~in hatchecl herring cluring the autumn and rvinter months. 
The first winter ring on the scales therefore will reflect the second winter 
condition. The validity of age determination has previously been dis- 
cussecl by ANDER~SON (1946). 

He suggestccl that some (<Bank)> herring hatchecl in August might lay 
down a winter ring at an age of three to four months, thus giving a 
group of herring whose age was overestimated by one year. The scales 
of these herring had a small size of the central area. No such scales were 
observed in the present material, and from informatioli about the gro~vth 
rate of larval ancl post larval herring it seems unlikely that substantial 
numbers of herring will lay clo\\m a winter ring during the first winter, as 
proposed by AN~~nssoiV. 

The otoliths, on the other hand, are present from the larval stage 
onwards. Herring hatchecl between August ancl January  rill lay down 
otoliths in ~vinter condition, and consequently get otoliths with a hyaline 
nucleus. 

The number of winter rings on the scales werc always in accorclance 
with those on the otoliths (outside tlie nucleus), xvliich again demon- 
strates that the first winter ring on the scales is formed during the second 
winter. Not all scales and otolitlis were suited for age determination, 
mainly clue to seconclal-y rings tvithin the summer growth zones, regene- 
rated scales and transparenty otoliths. A following scale for readability 
of scales ancl otoliths has been usecl: 



Table 2. Percentage distributiorl of readability 0-4 of scales and otoliths of autumn 
spawned herring from northeastern North Sea, 1961-63. 

Readability 

I 
Scale 

Trawl Otolith 
S + 0 2 )  

36.2 9.1 4.6 26.8 23.3 1 953 
69,8 9.2 9.6 11.4 0.1 1 953 
77.7 9.1 6.7 6.6 - 1 953 

Scale 
Drift net Otolith 

s3-0 

Scale 45.2 9.8 5.6 24.6 17.6 2 630 
Total Otolith 70.6 9.8 9.3 10.3 +I)  2 630 

s+o 1 79.4 8.9 6.1 5.6 - 2 630 

I) < 0.05, 2, scale and otolith combined. 

60.8 11.8 7.9 18.2 1.3 595 
73.8 11.4 8.4 6.4 - 595 
85.2 8.1 4.0 2.7 - 595 

Scale 
Purseseine Otolith 

s-to 

0: certain 
1 : fairly certain, deviation of one year may occur. 
2 : uncertain. 
3 : regenerated scales, transparency otoliths, scales and otolith did not 

fit for age determination. 
4: scales and otoliths lacking. 

59.8 11.0 12.2 17.1 - 82 
65.9 13.4 8.5 12.2 - 82 
78.0 11.0 6.1 4.9 - 82 

Table 2 summarizes the results of the observations on readability 
of scales and otoliths. The trawl and driftnet herring were frequently 
lacking scales, or the remaining scales were small and were not suited 
for age readings, which may explain the great discrepancy of the read- 
ability 0 for these gears. The percentage of readability 0 for the otoliths 
was high for all gears, and this investigation suggests that the otoliths are 
more suitable than scales for age determination. However, a reservation 
must be taken when the samples are dominated by older year-classes. 
Otoliths of autumn spawners were frequently impossible to read when 
dealing with herring of more than eight years. 

The age determination of the samples is based upon readability 0 
for either scales or otoliths. In  this way positive age determinations were 
achieved for about 80 per cent of the material. The remaining 20 per 
cent of the material was most likely dominated by older herring, and 
this infers that the age composition of the samples is slightly biased 



1950 52 54 56 58 6 0  
Y E A R - C L A S S  

50 52 54 56 58 6 0  
YEAR - C L A S S  

1950 52 54  56 58 6 0  
Y E A R - C L A S S  

Fig. 3. Age composition of 
autumn spawned herring 
in the samples no. 1-23 
from northeastern North 
Sea, 1961-1963. 



(Fig, 3). The age composition in the samples froin September 1961 to 
April 1962 is characterized by a strong 1956 year-class ancl comparatively 
strong 1954 ancl 1957 year-classes. During summer some of the samples 
from the southern and \vestern part of the area (samples No. 10, 11, 14, 
15) contained a higher admixture of younger year-classes, while the age 
compositiol~ in the ncrtliern part (samples No. 12, 13, 16) remained 
unchanged. From end of September 1962 the age coniposition changed 
considerably, due to a heavy inflow of two year old herring. This 1960 
year-class did, ho~vever, not increase in ab~lnclance north of latitude 
59 ON. 

Although the samples are felv, ancl the number in some cases is low, 
the material inay permit some tentative conclusions. The liomogenous 
age compositioii of tlie autuilzn spa~vning group during autumn ancl 
xvinter 1961/1962 (September to April) may indicate that the area was 
visited by a single stock. The change of age cornposition in the region 
south of latitude 59"N during spring and sLunnier (April to September) 
was probably caused by a segregation or an immigratioll of herring. 
Since the catches went down cluring this period the foriner explanation 
seeins inost reasonable. Members of a year-class first recruit the southern 
part of the region in autumn at an age of two years, and they will during 
the following lvinter mainly be distributed south of latitude 59"N. 

I n  Fig. 4 is given the age coinposition of herring from the xvestern, 
the central ancl tlie southern part of the North Sea. The material from the 
Bressay Shoal and the Flacleil Ground is supposed to be representative 

YEAR - C L A S S  YEAR - C L A S S  YEAR - C L A S S  

Fig. 4. Age compositioil of herring fro111 western, central ailcl southern part of the 
North Sea in 1962. 1) Bressay Shoal, Jrrne-Aug., N = 665, 2) Fladen Ground, 
July--Sept., N = 470, 3) Dogger Bank, Aug.-Oct., N = 4.297, 4) SandettiC, 
i\iov.-Dec., N = 501, 5) Channel, Nov.-Dec., N = 485. 



for the age composition of the crBan1~ herring, and the n~aterial from 
Sandettik and Channel the (tDowns)> herring. The Dogger Bank area 
is during autumn supposecl to be a mixing area of spawning {(Bank)) 
herring and mature (<L>o~ms>) herring. This compariso~l shows a striking 
resemblance between the ((Bank)) herring and the autumn spawners 
in the northeastern hTorth Sea during autumn ancl winter 1961162 
and cluring winter 1963 (north of latitude 59"N). Further, Fig. 4 shows 
that the 1958 year-class, wliicl~ was dollziriating the ctDowns)) herring, 
also was abundant in some of the samples from spring ancl summer 1962 
in the southern part of the investigated area. 

In  1963 the age con~position on the spawning grounds in western 
and southern part of the North Sea changed as a consequence of the 
strong 1960 year-class. The 19GO year-class constituted this year about 
80 % ancl 70 % of the ((Bank)) ancf ({Downs)) stocks respectively (SAVILLE, 
MCPHERSON AND PARRISH 1965 AND GILIS 1965). There is no infornia tion 
of the age coinpositio~~ of the Icattegat autunln spawners in 1962, but 
in autumn 1963 the 1960 year-class contributecl about 90 0/, of this 
stock (]-IOGLUXD 1965). 

Due to the strength of the 1960 year-class in all a~ttuinn spawned 
herring, it is inipossible to identify the va r io~~s  stocks in the northeastern 
North Sea south of the latitude 59"N during autuiiin and winter 19621 
1963 by means of the age coinposition. 

The vertebral number is one of the most coininon characters used in 
clistinguishing different herring stocks. This character is probably pheno- 
typic, and the observecl cliffereilces i11 mean vertebrae number bet~veen 
differelit stocks nlay be attributed to en~i~oninenta l  conclitions on the 
the spa~tjning grounds. 

I n  an area ~vhere different herring stocks are lnixing it is reasonable, 
to assulvle that the mean vertebral nulnber will fluctuate in proportion 
to the abundance of the clifrerent stoclts. 

111 Table 3 are given the frequency distributions of the vertebrae 
counts of the sanipled herring. The means varied bet~veen 56.35 and 
56.66, but no trend in tinie and space was observed. Ail an-tlysis of 
variance has been applied, and the result showed that the cliKesences of 
vertebrae count within samples were insignificant compared with the 
differences between nieans of samples (Table 4). Consequently, one may 
consider the samples to be drawn from the same stock or same mixture 
of stocks. This assumprion presupposes, however, that there is a real 
difTerence in vertebrae number between the various autumn spawning 



Tabell 3. Vertebrae number in autumn spawners from northeastern North Sea, 
1961-63. 

Sample Vertebral number Date 1 
number 1 53 / 54 / 55 / 56 / 57 / 58 / 59 

I 

Total 

') : -; average excess above the ((working mean)), 56 vertebrae. 

Table 4. Analysis of variance of vertebrae n~~mber .  
-- 

I Sum of / Degrees of Mean 
Source 1 squares j freedom 1 squares 

Within samples . . . . . . . . . . . . . . .  22 0.5241 F = 1.3047 

Between means of samples. . . . . .  / 1039.7032 2 588 0.4017 P < 0.05 

Total . . . . . . . . . . . . . . . . . . . . .  1 1051.2333 2 610 

stocks. Earlier investigations have shown that the mean vertebrae 
number has an increasing trend from north to south, with low values on 
the Buchan spawning grounds and high values on the SandettiC and 
English Channel spawning grounds. 



According to ANON. (1961) no large clifference in mean vertebrae 
number was found between pre-and post-war investigations on (<Downs>> 
herring, and for the period 1952-1959 their means ranged from 56.53 
to 56.59. 

The mean vertebrae count of herring from the Dogger area varied 
in the period 1952-1959 between 56.51 and 56.56 with an overall mean 
of 56.55 (ANON. 1961). This figure is significantly higher than pre-war 
observations (WOOD 1936). The spawning herring in the Buchan area 
had in pre-war years a mean vertebrae number of 56.42. During the 
years 1952-1955 the mean number was slightly different from pre-war 
data, but after 1955 the vertebrae number had a marked rise ancl up to 
1960 the means ranged froin 56.54 to 56.58 (ANON. 1961). 

The Kattegat autumn spawners hacl in 1915 and 1922 a mean 
vertebrae number of 56.35 and 56.1 1 (JOHANSEN 1924). The vertebrae 
number for this stock in recent years is unkonwn. The low means in 
some of the samples from summer 1962 can however, indicate an admix- 
ture of this stock in the northeastern North Sea. 

The total mean vertebrae number (56.52) in the sampled material 
was in good agreement with those for the <(Bank)) and ctDowns~ stocks, 
and it may be concluded that these stocks, without intimate anything 
about the mutual abundance, inhabited the northeastern North Sea 
and constituted the dominant part of the autumn spawning group. 

Fig. 5 shows the percentage frequency distribution of the maturity 
stages among the autumn spawned herring. The samples were collected 
throughout the year ancl it is suggested that this figure gives fairly 
coherent picture of the maturity cycle for the autumn spawning group 
of herring. 

Transistional cases between two stages have been included ~tnder  the 
higher stage. Difficulties in distinguishing between stage VI I I  and an 
advanced stage I1 occured frequently. Especially for herring which had 
spawned only once, criteria such as striation of gonad walls and size 
of blood vessels were not distinct, and these herring could therefore be 
confused with herring in stage 11. 111 these cloubtful cases the amount of 

Fig. 5. Percentage composition of maturity stages in autumn spawned herri~ig from 
northeastern North Sea, 1961-1963. 1) maturity stage I, 2) maturity stage TI, 
3) matiruty stage 111, 4) maturity stage IV, 5) maturity stage V, 6) maturity stage 
VII, 7) maturity stage VIII. 





intestilia1 fat have been decisive; e.g. herring with moderate or large 
quantities of fat were cleteriniiied to belong to stage I1 ancl lierring with 
no or little fat, were determined to belong to stage VIII .  

Immature herring, stages I ancl 11, were scarce in the material up to 
October 1962. During autumli ancl winter 19621 1963 however, these 
stages doniinatecl the samples clue to tlie immigration of the strong 1960 
year-class. Stage 111 occurecl in iiiost of the samples, but were predoini- 
nant in September 1961 ancl in May, June and July in 1962. The stages 
IV anel V were present cluriiig July ancl August with inaxinlunl in 
seconcl hall of August. Due to emigration of mature herring froin the 
northeastern North Sea to the spawning grouncts cluring summer and 
early autumn these stages will probably cover a longer periocl than 
indicateel in Fig. 5. 

Spent herring, stage VII, were represented during Dcceniber and 
January 1961/1962, and during September and October 1962. This 
fact points to an irniiiigration of late anci early autumn spawning 
components. Froiii Fig. 5 it is noticed that stage VII  also was present 
during spring in 1961 anel 1962, wl~ich inay iiiclicate an alternation of 
the spa\\rning season for these herring. According to PARRISH AND 

SHARMAN (1958) a small number of herring with tcsunimer-autuninl) 
characters in the otoliths 11ave been recorclecl iri spawi~ing conciition 
in spring in the Firth of Forth ancl the North Minch areas. There is also 
observatioiis of spawning herring in August with distinct and definite 
tcwinter-spring>) otoliths in an inlet on the west coast of Norway. Racial 
characters as scale pattern, l,, vertebral number of these herring were 
in agreement with the Norwegian spring spa~#vliing stock. Aii alternation 
of the spattming season may therefore occasionally occur, but on the 
other hand, if a part of the autuinn spawned herring in tlie northeastern 
North Sea have changed their spawning season, this shoulcl be reflectecl 
in a twc-peaked curve or' the various maturity stages. 

The saniples collected in spring and containing stage VII, hacl all 
been frozen and were in bad condition when examinecl. I t  seems i~iost 
likely, therefore, that the niaf.urity determination of these samples must 
be erroneous. 

The maturity cycle of the autumn spawning group in the north- 
eastern North Sea is characterizecl by a long duration of the recovering 
stage VPII, allnost 8 moiitl~s, ancl a rapicl maturation during spring and 
summer. Stage VI I I  passes into stage 111 at the beginning of May. 

Accorcling to ILES (1964) the timing ol the onset of the inaturation 
cycle varies little as cloes the time spent in the earlier maturation stages 
for the various autumn spawniiig stoclts in the North Sea. 

Spent and recovering herring in September and first half of October 



belong probably to the (<Bank>> herring, lsut otherwise it seems impossible 
to distinguish between the various autumn spawning stocks by means of 
this characters. 

A G E  A T  F I R S T  S P A W J V I N G  

The autumn spawners had no typical spawning rings on scales and 
otoliths. The age at first spawning has been basecl upon the maturity 
composition by age in the samples collected cluring autumn and winter. 

Herring in stage I11 in this period are classified as uncertain, i.e, they 
may be immature and will not spawn before rhe next autumn, or they 
may have spawned ancl already recovered their gonads. The percentage 
composition of imm~tures  (stages I nnd 11), uncertain (stage 111) and 
spent herring (stages VI I  and VIII )  in each age group isillustrated in 
Fig. 6. I t  will be seen that first time spawners occured amongst two to 
six year old herring, but the majority of Iirst time spawners, about 70 %, 
were spawning at an age of three. This feature is common, in the autumn 
spawning stoclis in the North Sea and the Kattegat (CUSI-IING AND BURD 
1957, PARRISH AND CRAIG 1957, H ~ ~ G L U N D  1965). The age at first spaw- 
ning shows a marked change from the inter-war years, when only a 
small proportion of the herring matured as three years olcls, and the 
major recruitment to the spawning shoals took place as four year old 
herring. The marked change in age a t  first spawning occured widely 

2 3 4 5 6 6 t  
AGE 

Fig. 6. Composition of immature herring, herring in maturity stage 111 and mature 
herring amongst 2-6 + year old autumn spawners from northeaster~l North Sea. 
1) maturity stage 1-11, 23 maturity stage 111, 3) maturity stage IV-VIII. 



over the North Sea in the early fifties and have been associated with an 
increase in growth rate during the adolescent and pre-recruit phases. 
This has resulted in an earlier movement from the nursery areas, and 
in an earlier maturation of herring recruiting both the <(Bank>> and 
<(Downs>) stocks (BURD 1962). 

I t  should be noted that the average length by age decreased again 
in the southern North Sea between 1955 and 1961, but no obvious 
reversal of the recruitment pattern had taken place up to 1963. 

0 T O L I T H  TYPES 

In  recent years special attention has been paid by a number of 
herring ~vorl;ers to features of the herring otoliths (EIKARSSON 1951, 
PARRISEI ancl SHARMAK 1958, POSTUMA and ZIJLSTRA 1958). 

PARRISH and SI-IARLIAS (1958) found difl'erences in the forms of the 
first winter zone and in the sizes of the first gro~vth zone of nlembers of 
the North Sea autumn spawning group. These features are probably 
phenotypic, but they may give some inlportant hints to nursery areas 
from which herring of different spanrning grounds are derived, and to a 
certain exrrnt give information on the mixing of early and late autumn 
spawning herring. Two main types of otoliths were described: 

1. Otoliths with a <<wide>) first winter zone ancl a relatively sinall first 
growth zone. 

2. Otoliths with a <<narrow>) or a thin ancl sharp first winter zone and a 
relatively large first groxvth zone. 

According to DAS, POSTUMA and ZIJLSTRA (1959) the <(narrow>> type 
was dominant amongst spawning herring in the Dogger Bank arca, 
while the trwide)) type was prominent on the spawning grounds in the 
southern North Sea ancl in the eastern part of the English Channel. 
O n  the Buchan spawning grounds the <(narrow>> type constituted a 
greater part than in the Dogger area (PARRISH and SHARMAN 1959 a),  
ancl a decreasing trend of the <<narrow>) otolith type froin north to 
south seemed to exist. 

The occurence of the two otolith types in the samples from north- 
eastern North Sea is ~ i v e n  in Table 5. This table also include otoliths 
which could not be categorized under either of these major types, and 
they contributecl about 7 % of all the otoliths examined. 



Table 5 . Percentage distribution of otolith types amongst autumn spawners from 
northeastern North Sea. 1961-63 . 

Sample nu~nber Date / ctNarrow)) / ccWicle)) i ~ n c e r t a i l d  N 

1 

Total . . . . .  1 86.8 6.4 6.8 2 630 

From Table 5 it is seen tliat the trnarro\\v> type dolniilated in all the 
sainples. and 110 trend neither in time or in space Ivas obscrvecl in the 
frequency of the t~vo  otolith types . I t  is interesting to note tliat tlie 
frequency of the ((wide>> otolith type either is increasing during the 
suiiimer feeding season nor is decreasing during the spa~v~iing seasoii 
for tlie ((Dotviis)> stock. ~ v l ~ i c h  inay indicate that meinbers of this stock 
do not iininigrate into tlie iiortl~eastern North Sea . 

In Table 6 is given the percentage clistributioil of otolith types amongst 
age groups for the years 1961-1963 . The most important features of 
thcse clata are as iollo~vs 

1) ((Wide>> zonecl otoliths were riot fourlcl in the 2 year old herring . 
2) The proportion of tlie two otolith types cliEerec1 between year- 

classes . The 1958 year-class had a relatively high proportion of tlie 
((wide)) type as ihree to six year olds . 



Table 6. Percentage clistvibutioli of otolith types by age anioi~gst autumn spawners 
in northeastern North Sea, 1961-63. (N = ctNarvow~n type, W = <(Wide)) type, 

U = urclassified.) 

Thcre was no evidence from the data of an increase in tlic proportion 
of <(wide)> otoliths with age as found by PARRISEI and SHARMAIT (1959 b) 
in the northwestern North Sea. The I-iigh proportion of (<narror\v> typed 
otoliths in the sanlples suggests a connection bet~veen the (<Bank>> stock 
and the dutunin spawning herring in the northeastern North Sea. 
However, it is inlpossible to verify this statement, as long as the otolith 
type conlposition amongst the Kattegat au t~unn  spaxvning stock is un- 
known. 

F I R S T  GROWTEI 5 0 j V E  I\ /IEASUREA~EJ\~T O N  O T O L I T H S  

The frequency distribution of first growth zone measurenlents for 
the two otolith types exhibited marked cliffcrences. The ranges ancl means 
for the <<wide>) and ((narrow)> types are presented in Table 7. The 
percentage frequency distributions for the t ~ r o  otolith typcs are illustratecl 
in Fig. 7. I t  appears that the first growth zone nleasurernents for (<~vicle>) 
type were smaller than for <tnarroI\n> type, and further, that the distribu- 
tions and means xvithin each type rvere similar in the years investigated. 
The high means for (<narrow)> type in sa~nples no. 19-21 are probably 
caused by growth differences between year-classes. As nientiol~ecl be- 
fore, the 1960 year-class domillatecl these samples, while the 1956 year- 
class was dominant in the others. Considering the total material the 
first grorvth zone nleasurenlents for c<narroxv>) otoliths ranged from 
20 to 39 units (one unit = 0.0409 inni), and had a mean value of 29.8 
units. Thc corresponding figures for ccrvide>) otoliths .i\iere 18--30 ilnits 
and 24.6 units. 

Thc ranges and meails for thc <<narrow)) ancl (<wide>) otoliths from 
 orth the astern North Sea were sonzewhat lower than the values obtained 
for the <<Banlr)) herring in the years 1953--1956 (PARIIISEI and SHARMAN 
1959 b). These differences were, ho~veber, sinall and probably inside the ex- 
pected range xvhen dealing ~vi th  material consisting of different year-classes. 



FIRST GROWTH ZONE MEASUREMENT 

Fig. 7. Frequency distributions of otolith zone measurements of autumn spawned 
herring in northeastern North Sea, 1961-1963. 1) ((narrow)> otolith type, 2) ((wide)) 
otolith type. 



Table 7 . Ranges and means of first growth zone measurement on ((narrow>) and ((wide>> 
otolith types amongst autumn spawners from northeastern North Sea. 1961-63 

(1 unit = 0.0409 mm) . 
1 1 ((Narrow)) 1 ((Wide)) 

Sample 
number Date Range Mean Rallge Mean N 1 1 (unit) / 1 (unit) 1 1 

Sum 1961 . 1 20-39 29.8 533 18-29 24.4 41 

Sum 1962 

Sum 1963 1 22-38 30.3 473 19-29 24.8 3 1 

Grand Total 1 20-39 29.8 2 209 18-30 24.6 168 

I n  Table 8 is the present material conlpared with the means of the 
first growth zone measurements for the two otolith types amongst herring 
from the Dogger area (BOHL 1960) . In  both areas the 1956 year-class 
was dominating. as 2 year olds in the Dogger area and as 5-7 year olds 
in the northeastern North Sea . 



Table 8. Mean first growth zone measurement (mm) on <(narrow)) ancl ctwicle), typecl 
herring from Dogger Balilr and northeaster11 North Sea. 

i ~ o g g c r  1 NE 
Type 1 Bani  I 1 North Sea 1 N 

The good conformity inclicatcs a colinection between prc-recruits in 
the Dogger area and mature herring In tlie northeastern North Sea. 

The  result of this ilivestigation provlcle soiile pointers to the 
supply and coiilposition of the autumn sparvners in the northeastern 
North Sea. Ho\~ever ,  at  present it is not possible to assess the full biolopical 
jignificanse betrveen the trvo otolith types ancl the usefulness of this 
zharacter in herring <<racial>) stuclics. I t  is suggested that the differences 
betrveen the growth zones of the c<wicle)> ancl <<narrow)> types are clue 
to an  early or latc time of hatching or to a difference in grorvth rate. 
The differences betrveen tlie size of the first winter zone in tlie two otolith 
types are probably a result of growth and metabolisl~i differences between 
herring inliabiting different areas. 

I t  should also be noted {hat  there was no differences in vertebrae 
iluniber between <<narrow>) ancl (<wide)> typed herring. The  frequency 
distributions of Vert.S. for thc two types are given in Table 9 ( t  = 0.8589, 
0.3>p>0.4). 

Before the usefulness of otolith features in herring <tracial>) studies 
can be assessed, more information of the otolith typcs anlon9st the 
sparvners from the Dogger, the Soutlicrn Bight ancl the nortl~ern Kattegat 
areas are needed. Also extensive stuclies of herring in different nursery 
areas must be carried out, and tlie eKcct of food ancl temperaturr on 
ring formation should also be investigated. 

Table 9. Vertebrae  lumber of ((wide)) ancl (<narrow)) typecl herring amongst autumn 
spawners from ~lortlieaster~l North Sea, 1961-63. 

1 Vertebral ii~1mber 
Type 1 N / T1i 0% 

j4 1 55 1 56 57 58 1 59 
I 

((Narrow)). / 2 63 1023 1 082 93 3 / 2 266 0.5340 0.3999 

l) 7 = averagr excess above the ((working mean)), 56 vertebrae. 



GROTI/TI3 

LEA (1910, 1938) has slio~vn that the relation bet~veen scale ltngth 
and total length of the lierring is approximately linear. The differences 
in spa\vning time and nursery areas between the various stocks are 
assumed to be reflected in the 1, values, ancl the 1, distributions have 
been one of the main characters usecl for identifying lierring in mixing areas. 
In the North Sea the differences of tile 1, distributions bet\veen the 
(<Bank)> ancl ctDo1\7ns)> herring are clearly demonstrated by BURD (1962). 
BURD also shon7ecl that tlie diKerences between the 1, distributions of 
(<Baizk>) ancl trDowns>) herring were much greatcr than tlie differences 
between year broocls alicl tlze clifferences xvithin a year brood. 

The 1, distributions have been obtained by projection anel proportio- 
ning the scales of six year old herring (1956 year-class). For calculating 
the 1, values, the nzoclified gro~vtlz formula of LEA (1938) was applied 

~vlicre s, ancl S,, refer to rneasurenlcnts on the scale from the basal line 
to the first ~vinter-ring ancl the edge respectively, L is tlze total length of 
the fish, 1, is tlie calculated length at the forination of tlze first ~vinter- 
ring. Tlze ohtaillee1 clata are illustratecl in Fig. 8, and for comparison is 
S ~ O T Y I I  the 1, clistribution of four year-olds (1954 year-class) <<Rank)> ancl 
<<Downs>) herring (ANON. 1962, BURD 1962). A \\~eakness ~\ritlz this 
comparison is that different year-classes are coniparecl and that tlze 1, 
data are basecl upon different growth formulas. The 1, data for tlze 
t<Bank>) ancl <tDo-cvns>) lierring in Fig. 8 are calc~~latecl by LEA'S first 

formula, i.e. these data are in average 1- - cm lo1\7er than the 1, data [ :j 
preselitecl for the autuszin spaT\rners in slortlieastern North Sea. 

Tlie clifferences in gro~vth by using tlie two forniulas are for 6 year old 
herring estimated to be 0.5 cin. Not.v\.ithstancling this clisaclvantage, it is 
concl~~decl that there is good agreement between tlie 1, data for the 
autunzn spawnisig lierring in the northeastern North Sea and the (<Bank)) 
herring stock. 

The differences found in first grorvth zone sileasureliients in the 
<<nnrrow)) aiicl <<wide)> tj-peel herring suggest tliat similar clifferences 
~ \ ~ o u l d  be founcl in the 1, data of these t~vo  groups of fish. In  Fig. 8 is 
also the 1, clistribution separated on otolith types. The good correspon- 
dance, ~vllen comparing with tlie 1, clata for the ((Bank)> and the (<Downs>) 
herring coulcl indicate that the c<~vicle>) type Tvas originating from the 
<(Downs)> stock and the (<narrow>) type from the ((Bank>> stock. Goocl 



L1 L E N G T H - C M  

Fig. 8. Frecluency distribution of 1, for 6 year old (1956 year-class) autumn spawnecl 
herring (also separated in ccnarrow)) and (twicle)) types) in northeastern North Sea, 
compared with the 1, clistribution for 4 year old (1954 year-class) <(Bank)) and 
ctDowns)) herring. 1) Autumn spawned herring nortlleastern North Sea, 2)  crNarrow)) 
typed herring northeastrrn North Sea, 3) ctM'iden typed herring, northeastern North 
Sea, 4) ctDownsn herring, 5) ((Bank)) herring. 
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correlation between 1, ancl otolith types have also been found by RAITT 
(1961), who estimated a critical leiigtli at 11.5 cm for formation of 
((narrow)) and cc~iicle)) otoliths, i.e. herring longer than 11.5 cni in the 
second winter ~vould lay do~vii a <(narrow)) ring and herring smaller 
than 1 1.5 cm a (trviclc)) ring. The proportion of lierring longer and smaller 
thasl 11.5 cm in the ((Bank)) and ((Downs stocks \\ill cliffer by virtue of 
the 3-6 montlis cliKercnce in spawning time, and consequently the 
coniposition of otolith types in tlie two stocks ~vill also be different. O n  
this basis a comparison between 1, of (trvicle)) typecl herring ancl (tDoxvns)) 
lierring (where ((wide)) type is clolninating) and bet~veen 1, of trnarroTvn 
typed herring anel trBaiik)) herring (where trnarroTiw type is clominatisig) 
xvill always gibe good confoiinity. 

Tlie t~vo  otolith features point to tlie prescncc of distinct nursery 
areas for tlie smaller ancl larger herring d ~ ~ r i n g  their seconcl winter. 
By analogy ~vith the origins of <(northern)) ancl ccsouthcrn>) scale types 
identified by LEA (1929) it is probably that the crnarro\v)) zonecl type 
are from a colder seconcl ~vinter nursery area than the trwide)) zonecl 
1 y ~ e .  

A difference of nearly 4 cin bet~veen nioclal length at formation of 
the first uintcrriiig of these two groups of fish is suggested to be so much 
tliat they will maintain a clifferelice in growth throughout their life. Tlie 
resulting data of backcalculation of ctnarro.iu)) and ctraricle)) typecl herring - 

are suininarized in Table 10, giving the mean values of 1,, l,, . . . . l j  and 
their standard errors for the various year-classes. Froiii this table it is 
clear tliat the <tnarroT\w ancl <tr\iide)) typecl herring clifTerec1 in growth 
rate. Mean lengths by age were significant liigher for all age groups 
3moiigst tlie ((narrow)) typecl lierring. The difference in growth between 
:he two types of herring may well be attributable to tlie original clifference 
in 1,. The ((narro\\in ancl (cwide)) lierring are probably, as suggested above, 
both belonging to the (<Bank>) lierriiig stock. The good comlormity in 
growth bet\veen the ctr\liclev typed herring in the present material and 
the ((Do~vns)) herring may, however, indicate that this component have 
soine similarities with tlie crDowiis~~ stock, such as nursery areas, feeding 
grounds or feecling tinies. 

CO JWCL UDTJVG R EfWd RITS 

To outliiic thc origin of the autumn spa~vning group of herring in the 
nortlicastern Worth Sea, some biological characters for this group of 
herring have been coliiparecl svith tlie ((Bank)), the crDowns)> and 1 he 



Icattegat autumn spalvning stocks. Due to the plasticity in these characters 
and the large degree of overlap of values between the stoclts it is difficult 
to attain a complete iclentification of the herrirlg by this method. How- 
ever, using several characters this methocl may give valuable pointers to 
the stock con~position witlzin the autumn spawned herring in this part 
of the North Sea. 

The age composition in the samples from September 1961 to &/lay 
1962 showed a striking conformity with the (<Bank)) herring stock (Fig. 4). 
According to otolith type coinposition (Table 5) ancl the Vert. S. (Table 3) 
in these samples it seenls obvious that the intermingle of I-~erring from 
other stocks was negligible during that period. 

In the sainples from May to September 1962 it was more difficult to 
identify the stocli composition. The sainples cluring this periocl had a 
low first growth zone measurement in the <(narrow>) otoliths (Table 7) 
together x.vit11 low values of Vert. S. (Table 3). These changes coulcl be a 
consequence of a segregaticn, i.e. the older year-classes have emigrated 
from the area, resulting in ;L stronger ciominance of the 1958 and 1959 
year-classes (Fig. 3), or an immigration of other herring stocks had 
taken place. An analysis of variance of Vert. S. sl~owed that the clin'e- 
rences ~vithin year-cl-asses were insignificallt compared wit11 the diffe- 
rences between year-classes. I t  shoulcl, however, be noted that the 1958 
and 1959 year-classes had the lowest values of Vert. S., with means of 
56.467 (60) ancl 56.368 (19) respectively. Due to the low values of Vert. S. 
and the high proportion of ((narrow)> rypecl otoliths (Tahlc 5) it is 
suggested that the immigration of <rDo\vns)) herring to the north-eastern 
Nort1-1 Sea was negligible. One sample of Icattegat autumn spawners 
(kindly sent me by Dr. HOGLUKD, L,ysekil) llad a high propoution of 
<(narrow)) typecl otoliths (96.9 %) ancl a lo\'\r first growth zone me2sure- 
ment (27.35 ~lnits). To what extent these values are representative for 
the Icattegat autumn spawners is unknown, but these values together 
with the 1 0 ~ 7  values of Vert. S. could inciicate that the autumn spa~vnecl 
herring in the northeastern North Sea in the period May to September 
1962 were nzisecl up with Icattegat autumn spawning herring. 

During autumn 1962 tlle 1960 year-class imn~igrated the north- 
eastern Nost11 Sea south of latitude 59"N. This year-class proved 
to be strong amongst the <<Bank)>, the trDonrns)) and the Kattegat autumn 
spawning stocks, but the high vertebral count (Table 3), the high propor- 
tion of <<narro\v>> typecl otoliths (Table 5) ancl the high valvues of the 
first growth zone measure~nent (Table 7) should argue for that the 
herring of this year-class in tlze northeastern North Sea mainly did 
clerive from the <<Bank)> I~erring stock. North of latitude 5g01\i, horuever, 
there ivas cluriilg the winter 1963 a striking conformity in age composi- 



tion, vertebral number, con~position of <<narrow>> and <<wide>> typed 
otoliths between the sampled herring and the (<Bank>> herring stock. 

From this investigation it is concluded that the autumn spawning 
group of herring in the northeastern North Sea is mainly constituted of 
the (<Bank>> herring stock. This stock is prevailing amongst the autumn 
spawning group of herring during autumn, winter and spring, but is 
during summer probably mixed up with Icattegat autumn spawners 
in areas south of latitude 59"N. 

S U M M A R Y  

1. The present report deals with the autumn spawning group of herring 
in the northeastern North Sea and an analysis of some biological 
characters as age composition, maturity cycle, otolith type composi- 
tion, first growth zone measurement on otoliths and growth. The 
material consists of 23 samples, collected during the period September 
1961 to May 1963. 

2. The otoliths were more suitable than the scales for age determination. 
The 1956 year-class was dominating in the samples up to autumn 1962 
in the whole area and also in the samples taken north of latitude 
59"N cluring the winter 1963. I n  autumn 1962 the 1960 year-class 
immigrated the southern area and made up between 65-85% of 
the autumn spawned herring. 

3. An analysis of the vertebrae nuilzber showed that the differences of 
the variance within samples were insignificant compared with the 
differences between means of samples. The mean vertebrae number 
of the total material was 56.524 (f 0.025). 

4. The maturity cycle of the autumn spawned herring has been conside- 
red. The maturity stage VI I I  had a duration of about 8 months, and 
dominated the samples from September to May. Stage 111 dominated 
from mid May to the end of July. The stages I V  and V were present 
during July and August with a maximum in the second half of 
August. Spawning of herring was not recorded in the area investiga- 
ted. 

5. An analysis of the composition of (<narrow)) and <<wide>> zoned otoliths 
showed that the proportion of <<narrow>) typed herring was in majority 
in all the samples and constituted 87 % amongst the autumn spawned 
herring. 



6. Measurements of first growth zone in ((narrow>> and ((wide>> otoliths 
gave mean values of 29.78 ( 5  0.14) and 24.59 ( &  0.35) units for the 
two types respectively (1 unit = 0.0409 mm). 

7. The 1, distribution and the mean lengths by age showed a significant 
difference between the trnarrown and <(wide>> typed herring in the 
northeastern North Sea. Both types of herring were most likely of 
the ((Bank>) herring stock. 

8. The relationship between the autumn spawning group of herring 
in the northeastern North Sea and the ((Bank)), the ((Downs>> and 
the Kattegat autumn spawning stocks have been examined. The 
((Bank}} herring evidently dominated the autumn spawning group 
during autumn, winter and spring. During summer, howzver, the 
autumn spawned herring in the areas south of latitude 59"N in the 
northeastern North Sea was probably mixed up with members of 
the Icattegat autumn spawning stock. The occurrence of t(Downs)) 
herring seemecl to be lacking or negligible in the sampled material. 
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I N V E S T I G A T I O N S  ON H E R R I N G ,  CLUPE A HARENGUS L., 
F R O M  THE NORWEGIAN SKAGERAIC C O A S T  DURING 

THE YEARS 1963-64 

DIDRIIC S. DANIELSSEK 

Statens Biologiske Stasjon, I;'l~clevig.en, Arenclal. 

A quite good herring fishery took place on tlie Norwegian Skagei-ak 
coast in the last part of tlie last century. The a~~ailable clata on the output 
of this fishery (ANON. 1884-1962) shows a rapid decrease in the inner 
part of the Korwegian Skagerak coast (Fig.1). After 1895 the catches 
were small except for a very short periocl about 1905. The fishery during 
the last war was also slightly better than usual, but in both cases consider- 
ably lower than during the good period in the previous celltury. A similar 
change has talten place in the fishery on the Sweclish Skagerak coast 
( A N D E R ~ S O ~  1960). This fishery was to the turn of the century carried 
out in the skerries, and the most important gear was land seine ancl net. 
In  this century tlie Sweclish Skagerak fishery have mostly been an 
open sea fishery. According to investigations by AKDERSSO~V (1958) it 
has since 1914 been based on Nortli Sea autumn spawning, Icattegat 
autumn spawning and Skagerak spring spawning herring. Kattegat 
autumn spawners migrate as full herring from the North Sea to the 
Icattegat in late summer ancl form together with the Skagerak spring 
spawners thc basis of the fishcry in the first part of the season. From 
November--December most of the herring are North Sea autumn spaw- 
ners ~lhicl i  is the far biggest of the three races, but perioclically the au- 
tumn spawners fail to appear. 

O n  the Norwegian Skagerak coast the fishcry in the last century 
started in November-December ancl lasted to February-March. There 
were no herring investigations in these years, and it is therefore not 
linolvn which herring races the fishery \vas basecl on. 

The fishery in the inner part of t11c Norwegian Skagerak coast now 
takes place in the skerries in late s u ~ ~ l m e r  and autumn as a purse seine 
fishery with light. In  the spring .i\rhen only spring spawning herring are 
caught, net is the most important gear. 



The present paper gives the results of an  investigation on herring 
from the Telemark coast (Fig. 2) during the period July 1963-Sep- 
tember 1964. 

TON 
5400 

Fig. 1. Yearly output of the herring fisheries from 1884 to 1962. The inner Skagerak 
coast from the Aust-Agder border to the Swedish border (clotted lines). The Telemark 
coast (straight lines). The Skagerak coast (left scale). The Telemark coast (right scale). 

M A T E R I A L  A N D  M E T H O D S  

The material has been obtained from commercial catches taken 
in the fjords or between the skerries. The number of fish in the samples 
varied considerably, from 86 in sample no. 11 to 202 in sample 



Fig . 2 . The Skagerak coast . 

Table 1 . Mean vertebrae count. mean length and mean weight in the samples 

Sample 
no . Date I Vert . S . / Length Weight 

1 251 7-63 . . . . . . . . . . . . . . .  / 57.077 29.37 241.31 130 
2 141 8-63 . . . . . . . . . . . . . . .  
3 121 9-63 . . . . . . . . . . . . . . .  

56.693") 26.96 184.10 150 
56.879 28.33 211.97 99 

4 17/10-63 . . . . . . . . . . . . . . .  56.987 27.97 210.46 154 
5 22/10-63 . . . . . . . . . .  1 56.668') 25.43 148.98 202 
6 5/11-63 . . . . . . . . . . . . . . .  
7 271 2-64 . . . . . . . . . . . . . . .  
8 201 4-64 . . . . . . . . . . . . . . .  
9 281 7-64 . . . . . . . . . . . . . . .  

10 251 8-64 . . . . . . . . . . . . . . .  
11 3019-64 . . . . . . . . . . . . . . .  

57.092 30.25 260.88 119 
57.082 28.30 169.35 184 
57.017 28.37 172.64. 121 
56.733") 27.44 204.01 135 
56.832") 28.99 229.46 137 
57.012 30.12 246.98 83 

*) Samples tested not to be homogeneous according to the ((Student-t)) test . 



no. 5 (Table I ) .  Efforts xvere made to obtain samples every month, but 
this xvas not posiible. In  thc period July--November nine of the samples 
were talcen, ~vhile oillv two Tvere taken in the spring. In  the samples no. 2 
ailcl 9 seine herring were too clainaged to be examined. The samples 
were taken from purse seine catches except samples no. 7 and 8 which 
were taken with nets. 

The follouiing data were collectccl from each indiviclual: total length, 
Tveigl~t, stage ancl ~veight of gonads, ixltestiilal fat content, vertebrae 
iluinber ailcl scales. In addition otoliths rvere taken from the last 5 
samples. 

The total length of the fish Ivas ineasured with the lobes of the tail 
in the mid line. The readings x\rere inade to the nearest half cm, using 
a n~easuriilg boarcl with an offset of 0.25 cm. 

Each inclividuczl has been xveighecl to the nearest 5 g ailcl the gonads 
to the nearest 1 g. 

The maturity stage of goi~ads was at first cleterillinecl accordiiig to a 
scale iiltroducccl by SIVERTSEN (1937). However, during the investiga- 
tions the scale with four stages proved to differentiate insufficient, ancl 
therefore the scale adoptecl by the ICES Herring Coinillittec in 1962 
(AVOK. 1963) was applied Erom sample no. 7 onwards. 

Thc content of the intestinal fat was cleterniinecl aftcr a scale urith 
4 stages usecl by HJORT (1914). 

The otoliths Ivere cleared in xyleile for about half a minute (PARRISH 
ancl SIIARMA\ 1958) and mounted on black plates. 

Tlle urostyle mias includecl in the vertebrae count. 
The grox\7th Tvas backcalculatecl froill the scales according to the 

i~iethocl introclucecl by LEA (1910). The lengths of I,, 1, etc. xvere grouped 
to the half cill belo\\ (ANOX. 1963). 

R E S U L T S  

TTER T E B R A E  C O  U:\(TS 

There were great variations in inean vertebrae izun~ber of the different 
samples (Table 1). The sainples no. 7 and 8 were regarded as belonging 
to the same race as all the indivicl~~als were spawning. <<Student-t>> tests 
showed signilicant differences (p >0.05) between the mean vertebrae num- 
ber, 57.056, of the sainples no. 7 plus 8 aild the meail vertebrae number of 
the sail~ples no. 2, 5, 9 and 10 (Table 1) .  I t  therefore concludecl 
that these four samples were mixtures of two or more races. 
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Fig. 3. Correlation between the mean length ancl the meitrr vertebrae count i n  the 
samples. 

I11 Fig. 3 is showed the regression of mean lengths on mean vertebrae 
numbers (the samples no. 7 ancl 8 exclucted), given by the equat-ion: 

y = 0.091 x -+ 54.303 

The correlation coefficient is 0.87. The equation is an approximate 
expression for the linear relationship bet~veen the length of illdividuals 
and vertebrae number. The figure indicates that tlie low vertebare nuin- 
ber in the lviixecl samples are caused by small individuals. 

Table 2 sho~\~s  the mean vertebrae number in the different winter 
ring groups in the samples and indicates, though the ~ lu~ l lbe r  of incli- 
vicluals are small, that the herring with 2 winter rings have lower mean 
vertebrae number in the mixed sai~lples (110. 2, 5, 9 ancl 10) than in 
the others. 

AGE 

Different herring races Ivere expected to inhabit the investigated 
area. In Fig. 4 are shown the frequency distributiorls of .\\linter 
rings inside the scale edge. These distributions are assulnecl to be 
simiiar to the age distributiol1s, but small crrors may occur. The 
autumn s ~ a ~ v n e r s  may i11 some cases form scales tlie first \vinter 
(ANDERSSOU 195 l ) ,  and therefore autunln spaI\ ners bclonging to the 
same year-class may shorv a difference of one ~vinter ring. 

There Tvere very few fish ~vith more than 10 ~vinter rings a11d there- 
fore, fish assumed to be inore than 9 years are grouped together. 



Table 2. Mean vertebrae number in the different mrinter-ring groups in the samples. No. of individuals in brackets. 

Number of winter-rings 
Sample no. -- . . -- p --- . p -- ---.p- -. - 

2 1 3  4 5 1 6  7 8 9 1 0 1 : 1 0  

l 



Fig. 4 shows that only few individuals had 01, 

more than 5 or 6 winter rings. In  sample 
no. 7 and 8 there were mainly 3 and 4 years 
old fish, that is individuals belonging to the 
1960 and 196 1 year-classes. 10 1 

Ln - rn 
d U  

G R O W T H  

The samples differed considerably in length l o  : 
frequency distribution (Fig. 5). In  samples 
no. 6 and 11 the 31 cm group was most l o  ~ L L _  

0123L56789 O10W R 
numerous, and the mean length was above 
30 cm (Table 1). The size distribution of the 
samples no. 7 and 8 differed significantlyfrom 
the other samples. These two samples consisted I0 30 LL- 

Oi 2745G7891010W'-R entirely of spawning herring, and therefore 
small herring were not present. The selectivity 
of the net was supposed to have excluded 

10 ]1fiv 
0 1 2 3 1 5 6 7 8 9 ~ 0 ~  R 

most of the large herring from the catches. 
Accordiitg to the assumption that the 

herring in the samples no. 2, 5, 9 and 10 
Oi 234 567891040 W-R 

consistecl of more races and therefore could 
have differed in growth rate from the herring 
in the other samples in the first years, 1, 
ancl 1, were measured in all the saniples. 
The I, and 1, frequency distributions are 
shown in Fig. 6. The 1, distributions show 
no marked difference between the samples, 
but in the samples no. 2, 5 ancl 9 there 
are inore small 1, values than in the other 
samples, sample no. 5 showing a bimodal 1, 
curve. The samples no. 2, 5 and 9 had also 
the lowest mean vertebrae number. 

The growth rate, (Fig. 7) for the spawning 
herring, samples no. 7 and 8, was calculated 
from scale readings, and so was also the growth 

Fig. 4. Age frequelicy distribution based on the num- 
ber of winter rings inside the edge. 1) sample no. 1, 
2517-63,2) sample no. 2, 14/8-63, 3) sample no. 3, 
12/9-63, 4) sample no. 4, 17/10-63, 5) sample no. 
5, 22/10-63, 6) sample no. 6, 5/11-63, 7) sample 
no. 7, 27/2-64, 8) sample no. 8,2014-64,9) sample 
no. 9, 28/7-64, 10) sample no. 10, 25/8-64, 11) 
sample no. i 1, 3019-64. 

W- R 

W - R  

L 
5678910~10 W - R  

1- 
5678 910*10 W - R  
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Fig. 5. The length fre- 
quency distribution. 1) 
sanlple 110. 1,2517-63, 
2)  saunple no. 2, l4./8- 
63, 3) sn~nple no. 3, 
1219-63,4) sample no. 
4, 171 10-6:3,5) sample 
110. 5, 22110-63, 6) 
salnple IIO. 6, 511 1- 
63,7) sa~llple no. 7,2712 
-64, 8) sample no. 8, 
2014-64,, 9) sample 110. 

9,2817-64, 10) sample 
no. 10, 25/8-64, 11) 
sample no. 11, 3019- 
64. 

-Q 
ITlg. 6. 7 11e flequency 
clistributioil of 1, to the 
left and 1, to the right. 
1) sarnple no. 1, 2517 
-63, 2) sample no. 2, 
1418-63,3) sample no. 
3, 12/9-63, 4) sample 
no. 4, 17/10-63. 5) 
sample no. 5, 22/10- 
63. 6) sain1,Ie no. 6. 
511 1-63, 7) sample 110. 

7, 27/2-64, 8) sample 
fio. 8, 2014-64, 9) 
sample 110. 9, 2817- 
64, 10) sample no. 10, 
25/8-64, 11) samplc 
110. 11, 3019-64. 
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Fig. 7. The growth of the herring. 1) caught with purse seine, samples 110. 1, 3, 4, 6 
and 11, 2) caught with net, samplcs no. 7 and 8, 3) Norwegian winter herring, S 2 + 1. 
from Bstvedt (1964.). 

rate of the herring which were found to belong to one and the same 
race, sample no. 1, 3, 4, 6 and 11 (Fig. 7). The growth rates were not 
calculated for herring older than six years as there were too few of 
them in the samples. There is good conformity between the two growth 
curves for the first three years. The samples no. 7 and 8 have slightly 
lower values after the third year. A possible explanation is that the 
number of the most fastgrowing indivicluals in these two samples are 
not representative for the spawning herring due to mesh selection. 

SCALE AJVD 0 T O L I T H  C H A R A C T E R S  

The size of the central field in scales of the spring spawners may vary 
considerably. The first Tvinter ring is often very diffuse, ancl may be 
difficult to recognize. The other winter rings, however, have more 
uniform character. Tlvo specimens hacl scales ~tiith the same appearancc 
as scales from the northern type of the Norwegian ~vinter spa~\~ning 
herring. The appearance of the scales in the mixed samples did not 
differ significantly from the scales of the spring spawners. 

The otoliths of spring spawners caught in spa~vning condition, had 
an opaque or a snlall hyaline llucleus (Fig. 8 a and b). The size of the 
central field varied considerably also in the otoliths (Fig. 8 b and c), 
but the majority was niediurn sizecl. The nlajority of the otoliths from the 
samples no. 9, 10 and 11 sho~vecl the same characteristics as the otoliths 
from the samples no. 7 and 8. Some otoliths \\rith one or two winter 
rings had, however, a large hyaline nucleus and a wide central field 
(Fig. 8 d and e). 



Fig. 8. Different tyl)c:; of otoliths. Ful.thrr cx!~lailaiiorl in tlie text. 



Table 3. Maturity stage by month in percent. Sample no. 1 to 6 wit11 four, and sample 
no. 7 to 11 with eight maturity stages. 

1963 

Samples no. 

Maturity srage 3 1 4 1 5 1 6  

Sept. / Ocr. 1 ~ c t .  / NO". 

1964 

Samples no. 

Maturity stage 7 8 1 9 ! 1 0  

Febr. I Apr. / July / Aug. 

V  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
VI . . . . . . . . . . . . . . . . . . . . . . . . . . .  
VII . . . . . . . . . . . . . . . . . . . . . . . . . .  
VIII . . . . . . . . . . . . . . . . . . . . . . . . .  

S E X U A L  M A T U R I T 2  A N D  F A T  COJVTEJI T 

The maturity stages by inonth are given in Table 3. The two scales 
used are not directly comparable, and in trying to get a better iinpression 
of the maturity cycle, the <<Maturity factor)), M,, .\\ras calculated 
~ A A ~ E N  1952). The monthly frequency distribution of the maturity factor 
is given in Fig. 9. The October distribution contains both samples no. 
4 and 5. I t  appears that M, increase gradually towarcls February ancl 
April when the samples consisted entirely of spawning herring. In  
these t~vo  samples, M, varies considerably because some individuals 
were allready spent. 

To  get a numeric quantity of the amount of intestinal fat, the fat 
index, F, (WULFF 1954), was calculated separatly for each sample. The 
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Fig. 9. hlonthly variations in the distri- 
bution of Mf during the sampling period. 
1) July 1963, 2)  August 1963, 3) Sep- 
tember 1963, 4)  October 1963. 5) KO- 
vemher 1963,6) February 1964, 7) April 
1964, 8)  July 1964. 9) August 1964, 10) 
Septe~nher 1964. 

fatindex was calculatecl per 100 
individuals, and the values thcre- 
fore are between 100 and 400. 
In Fig. 10 arc given the mon- 
thly mean values of M, and 
F,. The value for October rep- 
resents the mean of the two 
samples froin that month. The 
November observation of the fat- 
index is high compared tvith the 
October value, but it should be 
mentioned that these values are 
based on subjective examination 
of the intestinal fat. Where ob- 
servation are lacking the curves 
are stippled. The maximum value 
of M, is in the period February 
to April, and the minimum value 
of F, is in the samz period. The 
minimum of M, is in the period 
just after the spawning with a 
value of about one. F, has proba- 
bly its maximum in July. Observa- 
tionsforJune, ho~vever, are lacking. 

DISCUSSIO JV 

The two samples of the spring 
spawning herring were taken with 
an interval of two months, and the 
material indicates that they belong 
to the same race. 

The other samples, which were 
found to be homogenous, had the 
same scale and otolith characters 
as the samples of spawning herring. 
Neither did the other characters 
examined show any significant 
differences between these two 
groups of samples. I t  seeins likely 
that all these samples have been 
drawn from the same population. 



J A S O N D J  F M A M J  J A S  

Fig. 10. Cycles of maturity factor and intestinal far based on monthly mean values. 
1) intestillal fat,  2)  rnaturitv factor. 

As the samples were obtained from different localities along the 
Telemark coast, the clistribution of this population is not limited to a 
certain fjorcl. There are no samples in the inaterial from other parts 
of the Skagerak coast, but observations indicate that this herring popula- 
tion occur not only on the Telemark coast. I t  is a good correlation in the 
yearly output (Fig. 1) between the Telemark coast and the Skagerak 
coast. Spring spawners from the Skagerak coast which were examined 
by RUNNSTROM (1941), had approxin~ately the same high vertebrae 
number as the herring in the present material. RUNNSTROM supposed 
them to be Icattegat spring spawners or Skagerak spring spawners as 
they now are named (ANDERSSON 1956). The spring spawners showed 
also tlle same characters as the Skagerak spring spawners from Sande- 
fjord examined by H ~ G L U N D  (1964). I t  is, therefore, reasonable to 
conclude that the spring spawners in the present inaterial belong to the 
Skagerali spring spawners. 

As mentioned before some of the samples were mixed with young 
herring ~ ~ i t 1 1  lower vertebrae number, appearently belonging to one or 
more other races. No spring spawning herring from the adjacent area is 
known to have such a low mean vertebrae number, and they must there- 
fore belong to autumn spawning races. Previous investigations have 
demonstrated that autumn spawning herring occur on the Skagerak 
coast. BROCEI (1908) found an intermingling of autumn spawners in one 
of the samples from the Rism district. RUNNSTRO~VI (1941) had a strong 
admixture of the North Sea autumn spawners in samples taken at  
various parts of the Skagerak coast during the summer and autumn. 
According to HOGLUND (1964), one and two years old herring of the 



North Sea autumn spawners are always found in varying numbers in 
the Skagerak area. 

ANDERSSON (1958) separates the Kattegat and North Sea autumn 
spawners on the basis of scale characters, the former having a consider- 
able larger central field than the latter. The Skagerak spring spawning 
herring have a greater variation in the size of the central field (ANDERSSON 
1958). This is confirmed in the present material. I t  is, therefore, on the 
basis of the scale characters and the maturity stage of the young herring 
not possible to separate all the sampled individuals in spring and autumn 
spawners. 

EINARSSON (1951) found in Icelandic waters that the otoliths of the 
spring spawners had an opaque and the summer spawners a hyaline 
nucleus. PARRISI-I and SHARMAN (1958) were able to separate spring and 
autumn spawners from the North Sea on this character. The same 
procedure was usecl for the mixed samples no. 9 and 10. Table 4 shows that 
the herring with opaque and hyaline nucleus in the otoliths have diffe- 
rent vertebrae number. The otoliths with opaque nucleus resemble the 
otoliths in the present samples containing Skagerak spring spawners. 
Some of the otoliths with hyaline nucleus (Fig 8 e) resemble otoliths 
found by PARRISH and SHARMAN (1958) in Buchan herring, and later 
also in herring from the Bladen Ground, but i t  could not be concluded 
whether these autumn spawners belonged to the North Sea or the 
Kattegat autumn spawners or if it was a mixture of them. It seems, 
however, possible to separate spring and autumn spawners by otolith 
characters also on the Norwegian Skagerak coast. 

The Skagerak spring spawners in the samples have a fast growth 
during the first three to four years. Comparing the growth rate with the 
most fastgrowing type of the 1950 year-class, S 2f 1, of the Atlanto- 
Scandian herring ( ~ S T V E D T  1964) (Fig. 7) it appears that the 
Skagerak spring spawners grow faster up to an age of three years, but 

Table 4. Mean vertebrae count in the two groups of otoliths in sample no. 9 and 10. 
a) Otoliths ~v i th  an opaque or a little hyaline nucleus. b) Otoliths with a hyaline nucleus. 

Number of individuals in brackets. 

I O/, of doubt- 
Sample no. ful cases 



are then passed by the other. I t  is not, however, the same year-classes 
w~hich are compared, but ~ S T V E D T  (1964) shows that the Atlanto- 
Scandian herring have had an increased growth rate and that the most 
marked increase was in the period from 1951 to 1963. The difference 
in growth rate between the two races in the first years, therefore, is 
probably not of the size shown in Fig. 7. 

In  accorclance with the findings of HDGLUND (1964) the 1960 year- 
class dominates the present homogenous samples both in 1963 and 1964, 
except sample no. 4 and the two samples with spawning herring. The 
age frequency distribution of the spawning herring seems to show that 
a great part of the Skagerak spring spawners are first time spawners 
at  an  age of three years. This is earlier than for the southern type of 
the Atlanto-Scandian herring which ~ S T V E D T  (1958) over a long period 
of years found to be first time spawners at a nearly constant mean age 
of about 4.4 years. 

The maturity and the intestinal fat cycles were inversed, with a 
quicker building up of the intestinal fat than the breaking down, and 
opposite with the maturity factor as found by AASEN (1952). The maturity 
factor showed a maxiinunz in February to April and a minimum in 
May -June, while the intestinal fat had a maximum in July, and there- 
after gradually decreased to a minimum in the winter months as also 
observed by AASEN (1952) for the spring spawning herring in Lusterfjord. 

S U M M A R Y  

1) The material was collected on a little part of the Norwegian Skagerak 
coast in 1963-1964. 

2) The following data were sampled: total length and weight, stage 
and weight of gonads, intestinal fat content, vertebrae number and 
scales. Otoliths were taken from the last 5 samples. 

3) Most of the herring examined appeared to be Skagerak spring 
spawners with a mean vertebrae number of about 57. Some of the 
herring with one and two winter rings were autumn spawners, be- 
longing to either the North Sea autumn spawners or the Kattegat 
autumn spawners. 

4) The otoliths of the Skagerak spring spawners had an opaque or a 
little hyaline nucleus with varying size of the central field. Some of 
the otoliths in the autumn spawners resemble otoliths previously 
found in the North Sea. 



5) The Skagerak spring spawners had a rapid growth the first three 
years, and were spawning for the first time at three years age. 

6) The maturity and the intestinal fat cycles appeared to be inversed. 

This paper is based on a cand.rea1. thesis at the University of Oslo. 
I offer my best tanks to professor dr. JOHAN T. RUUD for his supervision. 
I an1 also grately indebted to dr. HANS HOGLUND for valuable instruction, 
especially in scale readings, and for criticism of the thesis, and I am 
very greatful to mr. ODDVAR DAHL for his valuable advise in scale 
readings and in determination of maturity stages. I wish to thank mr. 
ERIK ROSENVOLD and mr. STEIN TVEITE for assistance in preparing 
the saniples and director GUNNAR DANNEVIG for useful discussions. 
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STUDIES O N  SERUM ESTERASE I N  
H E R R I N G  A N D  SPRAT 

GUNNAR N~EVDAL 

Institute of Marine Research, Bergen 

I N T R O D U C T I O K  

Serology and molccular biology have been used in segregation studies 
of herring, Clupea lzarengus L., 011 several occasions. SINDERMANN ancl 
MAIRS (1959) found two herring populations in the Gulf of Main by 
frequencies of erythrocyte antigcnes. They also found variability in 
serum protein patterns. Some variations were found to be connected with 
diseases, some wcre probably related to age, but some offered hope of 
electrophoretic characterization of the populations (SINDERMANN and 
MAIRS 1958, MAIRS and SINDERMANN 1960). SIKDER~~ANN and HONEY 
(1963) did not fincl intraspecific variations in electrophoretic mobility 
of herring hemoglobins, and WILKIKS and ILES (1965) found hemoglobin 
types related to body length. Transferrin types were described by N ~ V D A L  
and I~ARALDSVIK (1966), and ODENSE, A L L E ~  and I,EUNG (1966) applied 
types of the enzynlcs lactate dehydrogenase and aspartatc an~inotrans- 
ferrase in studies on Canadian herring populations. 

In  the present paper i~ztraspecific variations in herring esterase 
phenotypes are described, and an attempt is made to reveal the genetic 
basis of the variations. Intraspecific variations in esterase phenotvpes of 
sprat, n$!vattus sp~atlus (L.), are also stucliecl. 

Part of the results concerning herring have been presented in a 
preliminary report (NBVDAT. and DANIELSEN 1967). 

M A T E R I A L  AATD M E T H O D S  

Bloocl was sampled by cardiac puncture or by cutting the tail. The 
samples wcre sent on ice in thermo bottles to the laboratory ~vherc they 
were centrifuged. Most sera Jvere analysecl fresh, but somesampleshad to 
be stored deep frozen for some M-eeks before the analyses could be carried 
out. 

The sera were analysecl by combined starch and agar gel clectro- 
phoresis (SICI~ 1965, MOLLER 1966) for 75 minutes. For identification of 



the esterase conlponents, the gels were im~nersed in a freshly prepared 
solution containing 4 ml 1 % solution of I-naphtyl acetate in acetone 
and 200 n ~ g  Fast Blue Salt BB in 100 ml of destilled water. The bands 
of esterase activity were then developed within few minutes. 

Sampling localities, numbers in samples and date of sampling are 
listed in Table 1 (herring) and Table 2 (sprat). 

R E S U L T S  A N D  D I S C U S S I O N  
HERRING 

The esterase nlolecules movecl towards the anode. One or two strong 
and up to six weak esterase bands were found. The electrophoretogran~s 
are outlined in Fig. 1. 

In most specimens only one strong esterase band was present. This 
band and the corresponding esterase moIecular type was named Es 
M (middle). Two bands of higher anodic mobility than Es M occurred 

t-. - 
w ------- 
L n - -  .' LlDbl- - -  -lPll -- 
m - - -  -- 
N - 

Fig. I. Outline of scrum esterase pheno- 
typcsin  herring by combined starch 
ancl agar gel electrophoresis at pH  9.0, 
together wit11 a photograph of patterns 
obtained by routine analyses. Legencl : 
Fillecl in bars: Strong bancls. Single 
lines: Weak bancls. Arrow indicate the 
point of application. 
1 : Es S,, 2 : Es S,, 3 : Es M, 4: Es s(~veak) 
ancl Es F,(strong), 5 : Es m, (weak) and 
Es F,(strong), 6: Es m,: 7:  Es f,, 8:  Es 
f,, 9: Es f,. 



Table 1. Observecl distributions of esterase plieno~ypes in herring comparcd with expected clistributions according to the 
Ha~dy-MTcinberg law. 

1 Types of weak csterase T'ypcs oi strong cstcrase zones 
S a m ~ l c  Localitv and Iildicatioi~s of zoncs 

1. Austfjorden, Hordal. 
30 March-15 May 
1967 . . . . . . . . . . . . .  

2.61°10' N, 06"00' E 
North Sea 
May 1967 . . . . . . . . 

3. Masfjorden, FIorclal. 
12 June 1967 . . . . . 

4.61 "10' N, 00" 35' Mi, 
North Sea 
17 Junc 1967 . .  . . . 

5.61'10' N, 00'35' W, 
North Sea 
17 J~ine  1967 . .  . . . 

6. 58"l l '  N, 03'48' E, 
North Sea 
1 July 1967 . . . . . . . 

7.55'00' N, 06'00' E, 
North Sea 
21/25 Aug. 1967 . . 

8. Tistam, Nordtjord . 
1-1 Oct. 1967 . . . . . 

9. Borgrnlj., Trclndelag 
26 Oct. 1967 . . . . . 

10.57"35' N, 10°55' E, 
Kattegat 
8 Nov. 1967. . . . . . . 

no. date of sampling 

Spring spawncl 
in spawning 
condition 
Mainly imina- 
turccl autumn 
spawners 
Immaturcd 

- -- - - 
san~plc ES 1 I I Es N ~ ,  qr qi, 'is, 

I FF 1 Phl MM 1 A%S, hfS2 

Adult autumn 
spawners 

Ad11lt spring 
spawners 

Adult autumn 
spawners 

Adult autumn 
spawners 
0-gu. 

I-gr., autumn 
spawners 

obs. 131 21 1 113 0 .90- - -  7 131 - - 138 0.03 - 
exp. 91.5 20.3 1.1 0.1 8.0 129.8 - - 

obs. 67 16 3 86 0.87 1 5 89 2 - 97 0.04 0.UI -- 

exp. 65.0 19.5 1.5 0.2 7.4 87.5 1.8 - 

obs. 43 1 - 44 0.99 - 2 47 - - 49 0.02 
cxp. 43.1 0.9 0.0 0.02 1.9 47.1 - --- 

obs. 4.7 -- 47 1 . 0 0 -  3 46 - 1 50 0.03 ---- 0.01 
exp. 47.0 - - 0.05 2.9 46.1 - 1.0 

obs. 87 3 -- 90 0.98 - 1 96 - - 97 0.05 - --- 

exp. 86.4 3.5 0.0 0.0 1.0 96.0 

obs. 78 30 1 109 0.85 - 6 112 - -- 118 0.03 - -- 

exp. 78.8 27.8 2.5 0.1 6.9 11 1.0 - 
obs. 79 3 - 82 0.98 -- 13 85 - - -  98 0.07 - -- 

exp. 78.8 3.2 0.04 0.5 12.8 84.8 - - - -  

obs. 98 5 -- 103 0.98 7 95 1 - 103 0.03 0.005 --- 

exp. 98.9 4.0 0.04 0.1 6.0 95.9 1.0 

obs. 68 8 1 77 0.94 3 7 76 -- - 86 0.08 -- -- 

cxp. 68.0 8.7 0.3 0.6 12.7 72.8 - -- 



in some specimens. These components, named Es F, (fast) and Es F,, 
were in most cases found together with Es M. In  only one specimen Es 
F, and Es F, occurred together. Distinction between Es F, and Es F, 
was difficult in routine analyses, and therefore they were lumped together 
and named Es F. T ~ v o  bands, named Es S, (slow) ancl Es S,, of anodic 
mobility lower than Es M also occurred at  low frequencies, and always 
in con~bination with Es M. The mobility of Es S, differed greatly from 
the mobility of Es M, while the mobilities of Es M and Es S, were little 
different. 

The pllenotype with only the Es M component was named Es MM, 
and the other phenotypes were named according to the components 
they contained, i.e. Es FM, Es FF, Es MS, and Es MS, (Fig. 1). 

The three weak bands of greatest anodic mobility were supposed to 
belong to one group of esterase molecules and designed Es f,, Es f, and 
Es f,. The two weak bands of intermediate mobility were designed Es 
m, ancl Es m,. Additional bands occurred near Es m, and Es m, in 
some specimens, but they could not be effectively separated from them 
by the present method, and therefore they have been omitted in the 
following cliscussion. 

The slowest moving weak band, named Es s, (and partly also Es m,) 
were screened by the stronger Es F bands when one of the latter was 
present. The relative mobilities of the various bands are shown in Fig. 1. 
Especially the Es f, and Es f, bands varied considerably in strength, and 
occasionally they were nearly as strong as the Es M component. 

The phenotypes of the strong components could be determined from 
sera which had been frozen, but the patterns were clearer when fresh 
sera were used. The weak components, however, often were too diffuse to 
be determined from frozen sera. 

The strong components may be explained as the product of separate 
genes (possibly allelic) named Es", Es"', EsS1, and EsS2 (where indices 
indicate the components which the genes are supposed to control). The 
hypothetical homozygotes Es S,S, and Es S,S, and the heterozygotes 
Es FS, and Es FS, were not foulid, but it appears from the distributions 
of phenotypes in Table 1 that the genes Es" 3js1 ancl EsSz were so rare 
that the lacking combinations should not be expected in the present 
samples. Except for sample 10 the population data are in fairly good 
accordance with expected Hardy-Weinberg clistributions, and this sup- 
ports the introduced hypothesis. Sample 10, however, show a surplus of 
hypothetical homozygotcs and therefore to some extent contradict the 
hypothesis. If this sample is drawn from a panmixed population, the 
result indicates alternative explanations of the variations (genetic or non 
genetic). 



If the variations in the weak components are genetically controlled, 
several gene loci must be involved, or the variations must be caused by 
formation of stable polymcres. For use in segregation studies of herring 
populations, the components Es m, and Es m, inay have some import- 
ance. One or both of these occurred ill nearly all specimens. When they 
were absent, it was always in specimens with weak total consentration of 
esterase or with low enzymatic activity in the sera. Three phenotypes 
occurred, and they were called Es m,m,, Es m,m,, and Es m,m,. Two 
allelomorphic genes, called Es'"l and Es"'~, were assumed to control these 
phenotypes. In  Table 1 are listed the observed distributions of the m,m,- 
phenotypes and the calculated frequencies of the hypothetical gene 
Esml. The numbers of specimens classified as m,n~,-types were lower 
than the numbers classified as types of strong components, because the 
m,m,-bands in some specimens were too weak for reliable classification. 
When observed distributions of phenotypes were compared to expected 
distributions of genotypes according to the Hardy-Weinberg law, fairly 
good accordance was found (Table 1,) and except for sample 1 the 
deviations were not significant when tested by common x2-tests. Sample 
1 gave a significant excess of hypothetical heterozygotes, and therefore 
contradict the hypothesis. However, the good accordance between 
expected ancl observecl distributions in the other samples supports the 
hypothesis. 

Breeding experiments have been planned to test the hypothesis of 
genetical control of the esterase phenotypes in herring. 

There was no evidence of dependence on factors other than genetic 
of the variations of esterase phenotypes. The variations occurred in all 
age groups ancl in both sexes. However, it should be emphasized that 
the prcscnt analyses were only qualitative, and that variations in strength 
of esterase activity may occur which were not recorded by the present 
method. 

Table 1 sho~is that there was no great variations among samples 
in distributions of strong esterase phenotypes. Es S, and Es S, were only 
found at very low frequencies in two and one sample respectively, but 
this did not show significant differences from the rest of the samples. 
The Es F bancls occurred at  low frequencies in most samples, but in 
samples 8 and 10 their hypothetical controlling gene was found a t  a 
frequency of 0.07 and 0.08 respectively, inclicating real differences 
among the populations from which the samples were drawn. 

The distributions of the Es nl types varied considerably, and although 
Es m,m, occurred at  high frequencies in most samples, it was found a t  
lower frequencies in spring spawners from the coast (samples 1 and 3) 
and in one sample of autumn spawners from the North Sea (Sample 7). 



S P R A  7 

Very extensive and complicatecl variations in serum esterase were 
revealed in sprat by comhined starch ancl agar gel electrophoresis, and 
several patterns were found (Fig. 2).  The patterns comprise variation 
in at least five zones of .\\leak esterase activity. Tlie three fastest moving 
components Tilere supposed to belong to one group of esterase components 
and callecl Es I; (fast) while the two slower moving .itrere called Es S 

Table 2. Observed distributio~ls of esterase phenotypes in one year olcl sprat compared 
with expectecl clistribution according to the Hardy-Weinberg law. 

Sample no., locality ancl / Esterase phenotypei j No. i ',I 
clate of samplirig i EsSISl / EsSIS, / EsS,S2 i 

1. ICattoya, Langesuild- 
fjorden . . . . . . . . . . . . . . . . .  obs 

. . . . . . . . . . . .  3 Oct. 1966 exp 
. . .  2. N5, Harclangerfjorden obs 

. . . . . . . . . . .  14 Oct. 1966 exP 
3. Risnes, Masfjorclell . . . . . .  obs 

4 June 1961 . . . . . . . . . . . .  exp 
4. Skorpo, Harclangcrfjorden. obs 

6 June 1967 . . . . . . . . . . . .  exp 
5. Gjerm~.uiclshamn, 

Hardangerfjorden . . . . . . .  obs 
6 June 1967 . . . . . . . . . . . .  exp 



(slow). A colisiclerable part of the specimelis showed diffuse electro- 
plioretogranis, and only the two slowest moving components, named 
Es S, ancl Es S, (~vliich sometimes appeared double), were clear enough 
to form the basis for classification. One or both of these components 
were present in ail specimens. When iiot taking into account tlie weak 
bands which often were present at position of lacking strong bancls 
(Fig. 2j, the sl)eciinens could be classifiecl into three phei~otypes on 
basis of the variations in Es S, and Es S, bancls. These phenotypes vre1-e 
callecl Es S,S,, Es S,S,, and Es S,S, accorcling to 7vhicl-r of the bands 
they posessed. The distributions of tlie phenotypes in five sainples are 
shown in Table 2. 

When a hypothesis of genetical control involving two allellornorphic 
genes, narnecl Es"1 anrl EsSz, is ii~t~ocluced, it aplsears that there are 
fairly gooel accorclaiice bet~veel~ observed clistrib~~tions of phenotypes 
anct expected clistributio~ls of genotypes (Table 2). The hypothesis may 
accorclingly explain the present variation in tlie zones Es S, ancl Es S,. 
However, tlie variations in the other zones are still unexplained, aiicl it 
is impossilsle to have any idea of the coiitrol of these variations as long 
as the specimens can not be classifiecl ~uitli a reasonable clegree of reli- 
ability. 

I t  appears froni Table 2 that there xvere consiclcrable differences 
ainong samples in distrilmtions of the phenotypes, and thus in frequencies 
of the hypothetical genes. Although the type determinations may be 
some~vhat unreliable, the variations aniong sainples Ivere greater than 
may be explai~iecl by incorrect type determination or by errors of samp- 
ling. Thus the differences probably represent real clifferences between 
che populations from \vhic11 the saniples \tiere drawn. This coincides with 
results from analyses of hemoglobins ancl transferrins (NBVDAL 1968 
and unpublishccl) I\ hicli s11o\v significant frequency variations among 
samlsles of sprat from Norwegian waters. But because the type cleter- 
mination are some~vhat ui~p~-ecise, variations 111 esterase patterns in 
sprat appcar at prcsent to be of little value in segregation studies. 

1. Herring ancl sprat serum citerase 11~~s been stucliecl by combil~ed 
starch and agar gel ele~t~opliorcsis at pH 9.0. Both strong ancl weak 
bancls ~vliicli represe~itecl estcrase activity occurrecl in both species. 

2. Most herring specimens containect one strong cornpollent of inter- 
mecliate anoclic mobility. T11.o strong componcAnts of higlier anel 
two of lo~7er ai~oclic mobility occurred at lo~v Irequencies. h lly1~0- 
thesis of genetical control by one gene controlling each of the 
col~iponents is proposecl. 



3. Maximum six weak bancls of herring seruni esterase were found. 
Considerable variations among specimens occurred in these bands. 
No theory of genetic control of the total variations can be given at 
present, but two codominant alleles may be responsible for the varia- 
tion in two of the weak bands. 

4. The intraspecific variations in sprat serum esterase were compli- 
cated, and it was difficult to classify the specimens into well defined 
groups on basis of these variations. A hypothesis of control by two 
allelic genes of the variatioils in two of the components is introduced. 

5. Frequency variations among some of the sanlples of both species were 
indicated. 
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S T U D I E S  O N  H E M O G L O B I N S  O F  S O M E  
G A D O I D  F I S H E S  

BY 

DAG A ~ D L L E R  and GUNNAR NBVDAL 

Instit~lte of Marine Research, Bergen 

I N T R O D U C T I O N  

During the last few years it has been shown that in fish hemoglobins 
there excist intraspecific variations of at least two types, namely olito- 
genetic as in salmon (Kocxc, EVANS, and BERGSTR~M 1964, VANSTONE, 
ROBERTS, and TSUYUICI 1964) and herring (WILI~INS and ILES 1966), 
and genetically controlled polymorphisn~ as first found in whiting and 
cod (SICK 1961). In  sprat (WILKINS and ILES 1966, NAVDAL 1968) and 
some other clupeoid fishes (SIMPSON and SIMON SCI-ILOTHFELDT 1966) 
i~itraspecific lienloglobin variations have been described, but these 
variations were neither found to be assosiated with age or length, nor 
has the genetic basis of the variations been worked out completely. 

The present work is part of a search program to find polymorphic 
cliaracteristics for use in segregation studies of fish populations. Most 
interest have been paid to gadoicl fishes of commercial value, but bloods 
of minor economic important species have also been analysed for com- 
parison. 

M A T E R I A L  AKD M E T H O D S  

Blood samples have been obtained by cardiac puncture. Heparin or 
citrate was uscd as anticoagulant. Tlle blood specimens were stored cold 
(0-4"C), and analyses were carried out ~vithin a few days after sampling. 

Agar gel electrophoresis, described by (SICI~ 1965) was applied. Each 
run lastecl for 60 minutes with about 50 volts between ends of gel. To  
control the results obtained by this method, part of the material was 
also analysed by combined starch and agar gel electrophoresis ( M ~ L L E R  
1966) with 65 volts between ends of gel for 90 minutes. 

Blood samples were collecteel from gacloicl fishes from localities along 
the Norwegian coast ancl i11 the North Sea. Species, localities, date of 



sampling and numbers are listrcl in Table I where the results also are 
presented. Scientific naiiies and the orcler of the species are :titer 
SVETOVJDOV (1 962). 

R E S U L T S  A N D  D I S C U S S I O A T  

The  heinoglobin components of all the species concerned here, 
i-~~ovecl towards the catliocle in agar gel at p H  7.3. Fig. 1 sl1o~\ s the relative 
mobilities of the heinoglobin compoi?ciiis and tlie hen~oglobin pattern 
founcl for each species cxccpt Eorkecl hake. For coi~rp~trison the cod 
hemoglobin type HbI-1-2 is sho\\rn. The  hemoglobin of the forked 
hdke movecl only insigvlificalltly b ~ i  tliiq lnethod. 

I n  all species. except forlied hake, one or two strong and at least two 
weak or nlocleratcly strong coinponents xvere observed. The  electro- 
plioretic mobility of tile strong components clicl not cliffer very much froin 
the mobility of tlie strong hemoglobin components of cod. The l~ighest 
cathodic inobility of stroilg coi~iponents Tvas founcl in coalfish, tlic lowest 
in blue ling. The  mobilities oi the strong componeilts of thc other species 
were found within this range. 

Intraspecific variation occurred in most species. I n  the following the 
same designations are used for correspo:lcling patterns (phenotypes) of 
cliflerent species, although the mobilities of the coinpoilents were not 
identical (Fig. 1) .  

I c==rT 

+ ----- -- --- ---- - - - 
COO T U S K  L I N G  BLUE L I N G  HAKE 

HbI-1-2 H b l - l  HbI-1-2 HbI-2 H b l - l  Hbl-1-2 HbI -2  H b l - l  HbI-1-2 HbI -2  

- annm- 
- aaZILZi - - - - - m,, ,,- -- 

-------- - - - - - - - - 
POUT NORWAY POLLACK C O A L F I S H  HADDOCK BLUE WHITING + POUT Hbl-1 Hbl-1-2 Hbi-1 HbI-1-2 Hbl-1-2 Hb l -2  Hbl-1-2 Hb l -2  

Fig. 1. I-lemoglobin pattcrrrs cl gadoicl fishes obtained by agar-gcl electrophoresis 
at  1'1-1 7,2. Fillccl in bars) strol~g bands, opcn bars) HI-, 11-conlponelits [mocleratclv 
strong balicls], cross hatchccl bars) other moderately strong b~incls, sit~glc lines) ~vcak 
bancis. i\~.t.ows itlclicate thc points of application. 



In tusk, ling alzd b l~lc  ling heizioglobiiz patterns wit11 either one or 
both of two strong hemoglobin components were founci. These patterns 
were siinilar to the hemoglobin patterns ol whiting ancl cocl (SICX 1961), 
a ~ i d  a similar nomenclature was cliosen. Thus the components were 
named HbI-1 and HbI-2 in orcler of decreasing cathodic mobility, 
and the heilioglobiiz types .ivere callecl HbI-1, HbI-1-2, ancl HbI-2, 
accorcling to which of tlze components they possessecl. 

No evidence of ontogenetic variation in the hemoglobin of these 
species was found. The  variations may be explainecl, ho~vever, by 
assuilzing that two alleloliiorpliic genes, nanied H(II1 anel Hbi" control 
the synthesis of the coinponeizts HbI-1 ancl HbI-2 respectively. This 
corresponcls to the genetical control of whiting alicl cocl hemoglobin 
types(Src1c 1961). The accorclaiice betxveen observecl clisti-ibutions of 
heiizoglobin types (phciiotypes) anel calculatecl Eiarcly-Weinberg distri- 
bution of genotypes greatly supports this hypothesis (Table 1). 

Two strong henicglobin components, namecl HbI-1 ancl HbI-2, 
also occurrecl in pollack, coalfish, hac~clock ancl blue ~vliitiiig, but only 
one ol the sing!e bancled phenotypes was fouiicl in each species. However, 
the distribution and the calculated gene frequencies show that one of 
the hypothetical genes is too rare to be expected in a. bomozygotous 
state in the ~rese i i t  niaterial (Table 1). Therefore a corresponcling mode 
of inheritance of lzemoglobin types may exist also in tliese species. 

111 coalfish variations were very rare as oiily one specimen of 288 
clifTerec1 froin the normal henioglobiii patter11 of this species. I n  hake, 
pout ancl Nor1\7ay pout no individual variations in the strong hemoglobin 
coiiiponents were founcl. 

I n  all species tlze strong coinpoiieiits \\rere accoiiipailied on their 
catlioclic side by wealter compoiients named HbI-1' and HbI-2'. 
SICK (1961) founcl that correspoiicliilg coinponents in whiting and cocl 
increased in strength upon storing. This was evidently also the case in 
the species concerned here. 

In  ling and blue ling other \\~eali components, naiizeci HbI-1" ancl 
HbI-2", of still higher cathoclic mobility Tvere present (Fig. 1).  Also 
these coinpcneizts variecl among specimens, but they often 1iad a rather 
diflitse appearance, and therefore further studies have not been uncler- 
taken. 111 hake a nioderately strong coinponelit with about t~vice as 
great catlioclic mobility as the major lzeinoglobiii component, was present 
in some of the speciinens. 

Coiizponents siniilar to the E-lbII components of ~vhiting anc1 cocl 
(SICI~ 196i) were founcl in hake, pout, Norway pout, pollack, coaliish 
and haddock at  positions betkveen tlie point of application ancl tlie major 
components. The  relative niobilities of these compoiients elifrered among 



species, and also intraspecific variations were indicated although not 
clear enough for classification of specimens into well defined groups. 
Except for some very faint bands, no components comparable to HbII  
components could be detected in tusk, ling, blue ling ancl blue whiting. 

The intraspecific variations described here coulcl also be found by 
combined starch and agar gel electrophoresis at pH. 9.0 (anodal move- 
ment). This confirms that the variations are real molecular differences 
and not methodical artifacts. By this method also the liennoglobins of 
forkecl hake ii~oved towards the anocle, but no intraspecific variation 
were found in this species. 

Although the material was limited, the present observations clearly 
showcd that intraspecific variations of the hemoglobin molecules, probab- 
ly genetically controllecl, are present in several gacloid species. 

The different distribution of the hemoglobin types in the samples of 
ling ('Table 1) indicate that different random mating populations excist 
in this species. However, the numbers of specimens are too loiv for reliable 
deductions. 

The studies of protein polymorphisnl in fishes are increasing. Although 
yet insufficient to givc a total survey, and despite different rncthods and 
lack of common reference, polymorph systems of one protein type often 
seem to be characteristic for one taxonomic group (family etc.), while 
systems of another protein are characteristc for others, for instance 
polymorphisl~i in hemoglobins for Gadidae (Sick 1961) and in esterase 
for Scombridae (SPRAGUE 1967, NAVDAL unpublished.). 

S U M M A R Y  

1. Hemoglobin of tusk, forked hake, ling, blue ling, hake, pout, Norway 
pout, pollach, coalfish, haddock and blue whiting were studied by 
agargel electrophoresis. 

2. Both inter- and intraspecific variations in hemoglobin patterns 
occurred. 

3. Intraspecific variations were found in tusk, ling, blue ling, pollack, 
coalfish (only one specimen differed from the <<normal>> pattern), 
hadclock and blue whiting. 

4. A hypothesis of genetical control involving two allelomorpfiic genes 
is proposecl to explain the variations within each species. The popula- 
tion data coincided with this hypothesis. 

5. No inclication of ontogenetic variation of hemoglobi~l patterns have 
been found. 

6. Frequncy variations of the hemoglobin types in ling indicate segrege- 
tion in the population structure. 





Tablc l.  Material aslalyser1 Sor hemoglobi~i polymorphism. Observed distributioris of types cornpared with the expected distributioris of 
gesiotypes accordiiig to Hardy-Weinberg law. 

Species, locality. and date oi sarnpling 

Distrihution oi ilemoglobisi types 1 Frequency of 
. - ......... - -. .- - -- 

- i No. 
I l  1 H b 2  / HbI-2 1 allele 

1 obs. exp. obs. exp. obs. exp. 1 I 
I 

l'usk, Brosnze brosme (Mull.) 
N. 6OC20', E. 1"20'. . . . . . . . . . . . . . . . . . . . . . . . . . .  241 5-67 
N. 6Z056', E. 6"07'. . . . . . . . . . . . . . . . . . . . . . . . . . .  61 9-67 
hi. 6 1 "52', E. 1°23'. . . . . . . . . . . . . . . . . . . . . . . . . . .  81 9-67 

r 7 lotal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Forked ha.ke, Phycis Dle~znoides (Briinn.) 
N. 61°52', E. 1°23'. . . . . . . . . . . . . . . . . . . . . . . . . . .  

Ling, ~Iloluu molon (L). 
Tcnnholmen, Nordiand . . . . . . . . . . . . . . . . . . . . . .  611 0-66 
My-kiilg, Horclaland . . . . . . . . . . . . . . . . . . . . . . . . .  4-67 
N. 61 "52', E. 1°23'. . . . . . . . . . . . . . . . . . . . . . . . . . .  81 9---67 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Total 
N. 60°51', E. 3"02'. . . . . . . . . . . . . . . . . . . . . . . . . . .  271 2-68 

Blue ling, M. diflteg~gia (Penn.) 
N. 60°20', E. 4"20'. . . . . . . . . . . . . . . . . . . . . . . . . . .  241 5-67 
N. 61°52', E. 1°23'. . . . . . . . . . . . . . . . . . . . . . . . . . .  81 9-67 

Hake, ,Iferluccius merluccius (L). 
N. 6Q020', E. 4°20'. . . . . . . . . . . . . . . . . . . . . . . . . . .  24.1 5-67 
N. 61 "52', E. 1°23'. . . . . . . . . . . . . . . . . . . . . . . . . . .  81 9-67 
N. 60"51', E. 3"02'. . . . . . . . . . . . . . . . . . . . . . . . . . .  271 2-68 

monomorphic 38 

nionoinorphic 
snonomorpliic 
monomorpliic 



l'out. T~isoljlerus luscus (L) . 
N . 53"35'. E . Z056' . . . . . . . . . . . . . . . . . . . . . . . . . . .  161 9-67 

Norway pout. T . esmurkii (Nilss.) 
N . 62"56'. E . 6"07' . . . . . . . . . . . . . . . . . . . . . . . . . . .  61 9-67 

Pollach. Pollachizls polluchizu (L.) 
Myking. Hordalaiid . . . . . . .  

Coalfish. P . uirens (L.) 
Hordaland . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16/12-65 
Veidholnieii. Nordinøre . . . . . . . . . . . . . . . . . . . . . . .  1711 2-65 
Røstbanlien. Lofotcn . . . . . . . . . . . . . . . . . . . . . . . . .  91 3..- 66 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Haddocli. &lelanogranznzus eaglejnus (L.) 
Hjelmsøy. Finnmark . . . . . . . . . . . . . . . . . . . . . . . . .  281 5.- 65 
Malangen. Tronis . . . . . . . . . . . . . . . . . . . . . . . . . . . .  281 10-65 

Total. Northcrii Norway . . . . . . . . . . . . . . . . . . . . . .  
Myking. Morclalaiid . . . . . . . . . . . . . . . . . . . . . . . . .  4-67 

Blue whiting. i\/licro~~zesistizi.r joulnssou (Risso) 
N . 60°20'. E . 4"20'. . . . . . . . . . . . . . . . . . . . . . . . . . .  241 5-67 
N . 5g015'. E . 3"35'. . . . . . . . . . . . . . . . . . . . . . . . . . .  191 8-67 
N.57'32'.E. 7'57' . . . . . . . . . . . . . . . . . . . . . . . . . . .  221 8-67 
N . 62"56'. E . G007'. . . . . . . . . . . . . . . . . . . . . . . . . . .  61 9-67 

monomorphic 

monomorphic 
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