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ABSTRACT 

Two separa te  su rv iva l  tests w e r e  run i n  an indoor basin.  Herring was 
tagged applying i n t e r n a l  metal tags  a s  used i n  the  annua1 tagging 
experiments on the  Norwegian spring-spawners. The morta l i ty  caused by 
tagging was severe i n  the  f i r s t  few weeks a f t e r  r e lease ,  decl in ing t o  
a normal leve1 i n  about 8 weeks. The survival  of tagged herr ing i n  the  
two t e s t s  var ied  s u b s t a n t i a l l y ,  and the  coef f i c ien t  was ca lcula ted  t o  
be 0.74 and 0.91 respect ively .  The di f ference  i s  explained by the  
d i f f i c u l t i e s  i n  handling herr ing i n  cap t iv i ty .  
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INTRODUCTION 

Tagging of f i s h  is  a frequently applied method f o r  s tudying 
migrat ions,  and t o  a s sess  the  mor ta l i ty  and the  abundance of  f i s h  
s tocks .  P r a c t i c a l  d i f f i c u l t i e s  have been encountered because he r r ing  
i s  very s e n s i t i v e  t o  handling. Dahlgren (1933) t e s t ed  the  performance 
of d i f f e r e n t  types of t ags  by comparative experiments, and found 
t h a t  the  most successful  method proved t o  be an i n t e r n a l  b e l l y  tag .  
This method was introduced i n  t h e  Norwegian-Icelandic tagging scheme 
(1947-1952), with the  aim t o  v e r i f y  the  theory t h a t  the  he r r ing  caught 
during summer off  the  northern coas t  of Iceland were i d e n t i c a l  t o  the  
Norwegian winter  herr ing  (Fridriksson 1944, Fridriksson and Aasen 
1950). The d a t a  from t h i s  experiment were l a t e r  used t o  a s sess  t h e  
abundance of the  stock (Dragesund and Jakobsson 1963). 

I n  1975, a new tagging programme f o r  he r r ing  was s t a r t e d  and s ince  
then a t o t a l  of 30-40 000 tagged herr ing  have been re leased every 
sp r ing  a t  d i f f e r e n t  l o c a l i t i e s  on the  Norwegian west coas t .  

The bas ic  assumptions underlying the  use of tagging d a t a  i n  s tock 
abundance s t u d i e s  are discussed by Aasen (1958). The su rv iva l  of  
tagged he r r ing  i s  a c r u c i a l  f a c t o r  i n  t h i s  respect ,  and mor ta l i ty  
experiments were c a r r i e d  out  i n  1948, 49 and 50 (Fr idr iksson and Aasen 
1950). The conclusions drawn from these  experiments w e r e  t h a t  the  
tagging d i d  not  a f f e c t  the  he r r ing  se r ious ly  when properly executed on 
f i s h  i n  good condit ion,  but  no es t imate  of su rv iva l  was made. 
Dragesund and Jakobsson (1963) concluded however, t h a t  when the  t o t a l  
r e tu rns  from each experiment where examined, the re  was a s i g n i f i c a n t  
v a r i a t i o n  i n  r e tu rns  from the  various r e l eases  even wi th in  t h e  same 
experiment. The same has been experienced i n  the  recent  years .  This  
v a r i a t i o n  may be due t o  varying tagging morta l i ty  and shedding, bu t  
may a l s 0  be due t o  non random mixing of the  tagged he r r ing  i n  more 
than one stock u n i t .  

MATERIAL AND METHODS 

Two separa te  su rv iva l  t e s t s  were accomplished, ane i n  1987, the  o the r  
i n  1988. The f i s h  was caught by purse se ine  on the  coas t  of western 
Norway and brought t o  Bergen i n  tanks on a commercial purse s e i n e r ,  
Arriving i n  Bergen, the  herr ing  was t ransfered  t o  an outdoor bas in  a t  
the  I n s t i t u t e  of Marine Research. 

Test no. 1. 
Before tagging, the  herr ing  was adapted t o  l i f e  i n  c a p t i v i t y  f o r  11 
weeks t o  be su re  t h a t  only heal thy f i s h  were used i n  t h e  t e s t .  Af ter  5 
weeks of the  accomodation period,  the  f i s h  was moved t o  an indoor,  185 

3 m , basin a s  shown schematically i n  Figure 1. Here they dwelled f o r  6 
weeks before the  test s t a r t e d .  During the  accomodation period and i n  
the  test period,  the  f i s h  was fed  k r i l l  (Euphausiacea), copepods 
(Calanus s p . )  and p e l l e t s  of  dry food. The f i s h  was t r e a t e d  with 
Flumequine on two occations,  t o  prevent the  outburs t  of v i b r i o s i s .  

A t o t a l  of  962 f i s h  were used i n  the  test. About h a l f  of thea (498) 
were tagged while the  r e s t  (464) remained untagged a s  a con t ro l  group. 
A small se ine  n e t  was used t o  ca tch  the  f i s h  i n  the  bas in  and the  
tagging was done applying the  same method a s  used i n  t h e  annua1 
tagging programme. A metal t a g  was sho t  i n t o  the  b e l l y  of the  f i s h  
using a tagging p i s t o l  a s  described by Fridriksson and Aasen 1950. 
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Figure 1. Shape and dimensions of the  experimental tank 

The number of dead herr ing  was recorded cur ren t ly  and those f i s h e s  
were examined f o r  tags  using a t a g  detec tor .  Other c h a r a c t e r i s t i c s  
such a s  length ,  weight, sex ,  maturation and stomach content  were a l s o  
recorded i n  3 samples of approx. 100 f i s h  each, a f t e r  9 ,  14 and 24 
weeks respect ive ly .  The test was ended a f t e r  30 weeks. When ended, 3 
tagged he r r ing  were found i n  the  g u t t e r  and 45 t ags  were found on the  
f l o o r  of the  basin.  Of the  t o t a l  of 962 f i s h  used i n  the  test, 922 
were recovered. 40 herr ing  were missing, which were probably l o s t  
through the  g u t t e r .  

Tes t  no. 2. 
The f i s h  was kept f o r  accomodation i n  the  outdoor bas in  f o r  4 weeks 
and moved t o  the  indoor bas in  where they were kept  f o r  another 4 weeks 
before  the  test s t a r t e d .  During the  accomodation per iod ,  and i n  the  
test period a s  w e l l ,  the  f i s h  was fed  copepods only. No treatment with 
Flumequine was necessary because the re  was no s ign  of v i b r i o s i s  i n  the  
s tock . 
400 f i s h  were tagged applying the  same method a s  previously used and 
no con t ro l  group of untagged he r r ing  was applied.  

Records of dead he r r ing  were co l l ec ted  cur ren t ly  a s  i n  the  previous 
experiment and 1 sample of 100 f i s h  was taken a f t e r  8 weeks. The 
experiment was ended a f t e r  17' weeks. When ended, 6 f i s h  were missing 
and probably l o s t  through the  g u t t e r .  

RESULTS 

Length d i s t r i b u t i o n s  of the  he r r ing  used i n  the  tests a r e  shown i n  
Table 1. There i s  no s i g n i f i c a n t  d i f f e rence  i n  length  between the  
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tagged and untagged f i s h .  

The d a t a  of t h e  f i r s t  test grouped by week a r e  given i n  the  t e x t  t a b l e  
below : 

Survivals  Deaths Samples 

Week 
s2 

S m m m 
1 2  3 M 1 M2 

1 498 464 962 1 1  
2 35 3 
3 10 4 
4 3 0 

Sl and S2 denote numbers of tagged and untagged he r r ing  a t  the  
beginning of the  week, and ml and m t h e  corresponding numbers of  dead 
he r r ing  recorded during the  week. 'm is  a ca lcu la ted  f i g u r e  r e f e r i n g  
t o  the  he r r ing  l o s t  through the  gutte&. Ml and M2 a r e  number of f i s h  
sampled during the  experiment. 

I n  c a l c u l a t i n g  the  su rv iva l ,  one has assumed t h a t  t h e  l o s t  he r r ing  
belongs t o  the  group which f o r  some reason has d ied  during the  experi-  
ment. Judging from the  t rend i n  the  death r a t e ,  the  t a b l e  shows t h a t  
the  mor ta l i ty  due t o  tagging i s  ended, a f t e r  6 weeks. The 43 un- 
recorded dead he r r ing  have been a l loca ted  t o  the  periods before and 
a f t e r  the  7. week i n  the  same proportion a s  the  recorded ones (64 t o  
24). This g ives  31 dead he r r ing  a l loca ted  t o  the  f i r s t  period and 12 
her r ing  t o  the  l a s t  one. Assuming t h a t  the  l a t t e r  group is equal ly  
d i s t r i b u t e d  on tagged and untagged he r r ing ,  the  number of surviv ing 

' tagged he r r ing  a t  the  beginning of the  7. week i s  found by summation 
of t h e  samples and those which have d ied ,  i .e .  347 + 13 + 6 = 366 
indiv iduals .  This  g ives  a  t o t a l  instantaneous morta l i ty  c o e f f i c i e n t  
(Z) of :  

During the  next  7 weeks 11 dead individuals  were recorded. I f  w e  
assume t h a t  113 of t h e  12 l o s t  herr ing  d ied  during t h i s  per iod ,  t h e  
t o t a l  mor ta l i ty  amounts t o  15 indiv iduals .  This gives a  Z value of 

Considering t h i s  a s  the  na tu ra l  mor ta l i ty  i n  the  s tock,  the  mor ta l i ty  
due t o  tagging i s  est imated to :  Z = 0.291. which corresponds t o  a  
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c o e f f i c i e n t  of su rv iva l  S = 0.74. This c o e f f i c i e n t  includes the  
shedding which is est imated t o  46 individuals  (498 - (366 + 55 + 3 1 ) ) ,  
p luss  some 5-6 of the  specimens recorded a s  dead unmarked he r r ing  
which have l o s t  t h e i r  t ags  during the  th ree  f i r s t  weeks. This means 
t h a t  some 10 - l1 % of the  tagged herr ing  have l o s t  t h e i r  tags.  

The d a t a  from the  second test a r e  summarized i n  t h e  t e x t  t a b l e  below: 

Also i n  t h i s  experiment the  increased mor ta l i ty  due t o  tagging is over 
a f t e r  7 weeks. 6 specimens were l o s t  i n  t h i s  test, and i t  is assumed 
t h a t  these  d ied  during the  f i r s t  7 weeks. Two specimens died from the  
8 t o  the  16 week, which shows t h a t  the  n a t u r a l  mor ta l i ty  i n  the  t e s t  
period can be regarded a s  i n s i g n i f i c a n t  ( l e s s  than 1 g ) .  Altogether, 
13 specimens had l o s t  t h e i r  tags  and assuming t h a t  a l l  shedding of 
t ags  had taken place during the  f i r s t  7 weeks, t h e  c o e f f i c i e n t  of sur-  
viva1 can be taken a s  the  t o t a l  su rv iva l  a f t e r  the  f i r s t  7 weeks minus 
the  10 untagged specimens i n  the  samples. 

Only 3 % of the  tagged herr ing  i n  t h i s  test had l o s t  t h e i r  tags .  

DISCUSSION 

The r e s u l t  of the  tests is only representa t ive  f o r  t h a t  p a r t  of the  
tagging morta l i ty  which is  caused by the  handling of the  f i s h  during 
the  tagging operat ion and the  i n j u r i e s  caused by the  i n s e r t i o n  of the  
tag .  The morta l i ty  caused by the  catching operat ion and the  b r a i l i n g  
of the  f i s h  on board the  sh ip  w i l l  add t o  t h e  t o t a l  tagging morta l i ty  
i n  p r a c t i c e ,  and the  survival  coe f f i c i en t s  derived from these  experi-  
ments a r e  therefore  t o  be considered a s  maximum values.  I n j u r i e s  
caused by the  purse se ine  operat ion and b r a i l i n g  of the  f i s h  t o  the  
tanks may vary with weather conditions and a r e  d i f f i c u l t  t o  measure by 
experimental techniques. It is, however, experienced t h a t  damage of 
the  sk in  and l o s s  of sca les  reduce the  su rv iva l  of  he r r ing  and 
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the  sk in  and l o s s  of sca les  reduce the  su rv iva l  of he r r ing  and 
although no he r r ing  with apparent damage of the  sk in  is  accepted f o r  
tagging, i t  is  reasonable t o  assume t h a t  such i n j u r i e s  con t r ibu te  
s i g n i f i c a n t l y  the  t o t a l  tagging morta l i ty .  Another f a c t o r  which 
obviously b i a s  the  su rv iva l  es t imate  i n  these tests is t h e  absence of 
predators .  The tagged he r r ing  are no doubt more vulnerable t o  pre- 
da t ion  during the  period of recovery than the  untagged population. 

The s i g n i f i c a n t  d i f f e rence  between the  survival  estimates of the  two 
tests is assumed t o  be a consequence of the  d i f f e r e n t  condit ion o f  the  
tagged f i s h .  I n  the  f i r s t  case,  the  herr ing  was more densely stocked,  
and the  f i s h  was su f fe r ing  from an outburs t  of v i b r i o s i s  some 3 weeks 
before the  tagging took place.  Although the  sample which was tagged 
appeared t o  have recovered, the  na tu ra l  mor ta l i ty  i n  t h e  untagged 
population was r e l a t i v e l y  high when the  tagging was executed. These 
circumstances cons t i tu ted  an addi t ional  s t r a i n  on t h e  tagged f i s h ,  
which is  not  present  i n  nature.  Only the  r e s u l t s  of the  second test 
a r e  therefore  regarded a s  representa t ive  f o r  the  tagging mor ta l i ty  of 
i n t e r n a l  tagging by the  present  method. The test confirms t h e  con- 
c lus ion drawn by Fridriksson and Aasen (1950) t h a t  the  tagging do not  
a f f e c t  the  he r r ing  se r ious ly  when the  f i s h  is  i n  good condit ion.  The 
morta l i ty  caused by the  tagging operat ion under favourable condi t ions  
is  est imated t o  be about 10%. but  may increase  considerably i f  the  
condit ion of the  f i s h  i s  poor. It may be noted t h a t  even t h e  shedding 
of t ags  may increase  when tagging herr ing  i n  poor condit ion.  
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Tab. 1. Length frequency distribution of tagged (T) and untagged (UT) 
herring in the 1987 experiment. 

EXPERIMENT NO. 1 

SUM 8/1-88 3/12-87 18/8-87 23/9-87 

T UT 

2 
2 

3 3 
11 7 
13 30 
37 71 
43 78 
61 90 

27 5 9 5 9 14 17 14 33 43 68 7 6 
28.0 4 7 3 6 9 6 l9 35 35 54 
28.5 3 3 6 4 8 1 18 15 35 23 
29.0 2 2 2 4 1 3 8 7 l3 16 
29.5 3 2 1 2 1 3 6 3 11 10 
30. O 1 1 1 1 1 2 3 4 6 
30.5 1 1 1 1 2 3 3 5 7 
31.0 1 1 1 2 2 4 3 
31.5 l 2 l 2 
32.0 2 1 2 1 

32.5 1 1 

33.0 
33.5 1 1 

34.0 
34.5 1 1 

35.0 
35.5 1 3 

SUM 48 65 50 74 57 59 192 286 347 481 
MEAN 
LENGTH 27.3 27.0 27.4 27.3 27.5 26.9 27.4 26.9 27.4 27.( 

T UT T UT T UT 

23 5 
24.0 
24.5 
25.0 
25 5 
26.0 
26.5 
27.0 

LENGTH 

2 
2 

1 1 1 2 1 
1 2 1 i 9 4 
2 5 1 3 3 10 19 
6 11 6 15 3 6 22 39 
3 11 8 9 9 9 23 49 
12 14 l0 12 8 7 31 57 

T UT 
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Tab. 2. Length frequency distribution of tagged herring in the 
1988 experiment. 

EXPERIMENT NO. 2 

SUM 

1 
4 
4 
3 
13 
l7 
40 
45 
55 
57 
50 
46 
23 
16 
9 
2 
2 
3 
3 

1 

394 

28.6 

LENGTH 

24.5 
25.0 
25.5 
26.0 
26.5 
27.0 
27.5 
28.0 
28.5 
29 .o 
29.5 
30. O 
30.5 
31 .O 
31.5 
32.0 
32.5 
33.0 
33.5 
34.0 
34.5 
35 .o 
35.5 
36.0 

SUM 
MEAN 
LENGTH 

30/8-88 2/11-88 5/1-89 

1 
1 2 1 
1 3 

3 
1 1 O 2 
2 13 2 
5 3 1 4 
16 26 3 
16 3 6 3 
15 38 4 
1 o 39 1 
13 3 3 
10 13 
3 13 
3 5 1 
1 1 

2 
2 1 
1 2 

1 

100 271 2 3 

28.6 28.9 28.2 


