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Commonwealth Institu te  o f  H elm inthology, S t. A lbans, Herts.

10 000 herrings from the commercial fisheries around the coasts of Great Britain and 
Ireland were examined for the nematode larva Anisakis sp. between October 1968 and 
October 1970. Heavy infestations were found in the North Sea stocks, moderate infestations 
west of Scotland and minimal infestations elsewhere; but nowhere was the parasite com­
pletely absent. Younger fish were often found to be more heavily infested than older fish 
and it is therefore suggested that the accumulation of larvae in the body cavity may be affected 
by annual fluctuations either in the population of an infested first intermediate host or in 
the extent to which the herrings are feeding on this host. A small but constant proportion 
of the parasites penetrate the musculature of the herring regardless of other factors such 
as the age or length of the host, or the number of other larvae present.

L arval nem atodes o f  the  genus A nisakis  D u jard in , 1845 are com m on parasites o f  m any 
m arine teleosts and  the ir presence in  a  num ber o f  com m ercially  im p o rta n t species has 
been recognized fo r som e tim e. These la rvae represen t the  d o rm an t infective th ird  
stage aw aiting  ingestion  by  a  su itab le final host, no rm ally  a  m arine  m am m al. In  British 
w aters th e  herring  is the  m o st com m only  infested fish host, a t  any ra te  am ongst ex­
plo ited  species (K halil, 1969), and  here the la rvae are  generally  encountered  in  the 
body  cavity  although  a  sm all p ro p o rtio n  m ay be partia lly  em bedded in  th e  body 
m usculature . U sually  betw een 15-30 m m  long an d  w hitish in  appearance, they  m ay be 
free in  th e  body  cavity  or encysted in  a  tough  m em brane o f  h o s t orig in  (Prusevich, 
1964) and  a ttached  singly o r in  clum ps to  the m esenteries an d  body  organs.

P articu lar concern  a t the  presence o f A nisakis  larvae in  herrings grew from  the 
pub lication  in  H o lland  (K uipers e t al., 1960; Thiel et al., 1960) o f  th e  first docum ented  
case h istories o f patien ts  suffering alim entary  d isorders follow ing th e  accidental 
ingestion  o f  live A nisak is  la rvae  w ith  raw  o r under-cooked  herring . Thiel (1962) 
coined th e  nam e ‘ A nisak iasis ’ fo r  this particu la r patholog ical condition .

D r  L. F . K halil, then  o f th e  N .E .R .C . F isheries H elm in tho logy  U nit, carried  o u t a 
survey o f  herrings fo r  A nisak is  infestations betw een 1966 an d  1968. In  all h e  exam ined 
2326 ad u lt herrings fro m  th e  N o rth  Sea, M inches and  Irish  Sea. H e also  exam ined 
3320 juvenile herrings from  the  N o rth  Sea. H is  results (K halil, 1969) w ere certainly 
the  m o st com prehensive o n  th is parasite  th a t h a d  been p roduced , b u t the  conclusions
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w ere in  the  n a tu re  o f  overall trends. T hus he show ed th a t infestations varied with 
locality , increased w ith  the len g th  o f the fish and  appeared  to  be g rea ter in  fish caught 
closer to  our E astern  coasts th a n  o u t to  sea.

A s a  logical developm ent fro m  K h alil’s w ork, th is survey w as p lanned  as a  com pre­
hensive assessm ent o f  the A nisakis  infestation  in  each com m ercially exploited stock 
a ro u n d  o u r coasts in  o rd er to  arrive a t  a  m ore  th o ro u g h  understand ing  o f  th is  p ar­
ticu lar h ost-parasite  rela tionsh ip .

H. METHODS
1. ORGANIZATION O F SAM PLING

The majority o f all adult herrings examined in this survey were processed a t the Fisheries 
Helminthology Unit, St. Albans. This was made possible by the cooperation of various 
M inistry of Agriculture, Fisheries and F ood and Department o f Agriculture and Fisheries 
for Scotland personnel or, in some cases, by fish merchants themselves. Sampling of herrings 
from  Galway Bay, the Irish Sea off Co. W aterford at D unm ore East and some of the Isle of 
M an stock was performed locally by Scientific Assistants sent from the Unit. Sampling of 
young herrings (I group) in the N orth  Sea was carried out during M .A.F.F. cruises aboard 
the Research Vessel ‘ Ernest H olt ’ while the vessel was taking part in the annual young 
herring surveys of the International Commission for the Exploration of the Sea.

2. M ETHODS OF SAM PLING
Records were kept o f the length, weight and sex of every fish examined, the otoliths removed 

and the num ber of Anisakis larvae in the body cavity and musculature counted by naked-eye 
search. F rom  July 1970 onwards this search was effected by a chemical digestion technique 
learnt from D r P. van Banning in  Ijmuiden, Holland. This involved scraping all the body 
cavity contents of each fish into individually numbered disposable beakers and covering with 
150 ml of water to  which was added i  teaspoon of citric acid powder and about the same 
quantity of pepsin. The beakers were incubated a t 37° C for no t more than 24 h after which 
the contents were sieved and the parasites removed and counted. Anisakis larvae are not 
harm ed by this treatment but, on the contrary, they become m ore active and are easier to see.

3. A G EIN G  TH E FISH
The age o f the fish was determined from examination o f the otoliths and approximately 

93 % of all the herrings were successfully aged by this method. The terminology used must 
be clarified. Fish are referred to  as I  group, II  group etc. meaning that the otolith had 1 or 
2 w inter rings respectively, and so on. In  this text, where it has been necessary to speak of 
years (e.g. where mean ages are calculated), a III group is taken to  be a 3-year-old. In  some 
publications a  3-year-old fish would mean one with only 2 winter rings in the otolith.

m. RESULTS
O ver a  period  o f 2 years fro m  O ctober 1968 to  O ctober 1970, the  num bers o f Anisakis 

fo u n d  in  approx im ate ly  10 000 herrings w ere recorded together w ith  d a ta  o n  age, size 
an d  orig in  o f each  fish. T he num bers o f parasite s/host varied  from  0-278 w ith  a  p re­
ponderance o f low er values, i.e. p arasite  coun ts displayed a  highly skewed frequency 
d is trib u tio n . In  th is s ituation  th e  variance is dependent o n  the  m ean o f each  sam ple 
a n d  ro u tin e  sta tistica l m ethods o f  analysis a re  n o t applicable. Follow ing the  suggestion 
o f  S ou thw ood  (1966) and  the  p receden t o f  B ishop & M argo lis (1955), th e  parasite 
coun ts w ere transfo rm ed  b y  the  u se  o f  the  follow ing eq u a tio n :

T = 100 lo g 10( * + l )

w here j = t h e  tran sfo rm ed  value o f  x , th e  original observation . H enceforw ard  all 
m ean  w orm  burdens a re  on  the  tran sfo rm ed  scale unless o therw ise ind icated . Table I  
show s th e  effectiveness o f  th is  tran sfo rm atio n  in  stabilizing the  variance.
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T a b l e  I. Effect o f transformation: >-=100 log i0 (*+1). 
M inch samples for 1968/69

II III IV V VI

Raw data: Mean 5-9 6-0 4-3 5-5 4-5
s 22-69 53-72 26-94 36-90 29-41

Transformed : Mean 72-12 63-01 55-73 64-81 58-00
s 1329 2089 1355 1506 1484

In  o rder to sim plify the p resen ta tion  o f  a  la rge volum e c f  d a ta  the  essential details 
o f  th e  survey results a re  sum m arized in F ig. 1 and Tables II, I II  an d  IV. F igure  1 
indicates the areas o f sam pling, while the  th ree tables give the  num bers exam ined, per­
centage infestations and  m ean w orm  burdens/age groups o f herrings in  each area 
covered by the survey.
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F ig . 1. H erring survey, 1968-70: areas o f  sampling.
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1. INFESTATION WITH A N ISA K IS  IN  RELATION TO SEX O F T H E  FISH 
T here was no  reason  to  expect th a t either sex w ould be m ore p ro n e  to  in festa tio n  

w ith  A nisakis  th an  the  o ther, b u t a test was m ade initially  as a  precau tion . T he m e an  
w orm  burden  o f  m ales an d  fem ales was calculated separately  fo r V  g roup  herrings 
from  D unm ore, IV  and  V group  herrings from  the 1969/70 M inch sam ples and  II  an d  
I II  g roup herrings from  tw o 1970 Shetland samples. These w ere chosen fo r the ir low , 
in term ediate and  high  degrees o f infestation  respectively. T able V  shows th a t in  n o  
case d id  the difference between the  m eans fo r each sex exceed twice the  s tandard  erro r. 
In  all subsquent analysis i t  was deem ed safe to  ignore the sex o f th e  fish.

T a b l e  V. Comparison of infestation between the sexes

Age and origin Mean worm burden
<? ?

Difference S.E. of 
difference

No. of 
fish

V Dunmore 15-07 19-94 4-87 5-91 148
IV Minch 58-64 61-32 2-68 5-78 222
V Minch 46-59 51-17 4-58 5-11 258
II Shetland 83-32 90-23 6-91 9-84 67

III  Shetland 100-08 119-81 19-73 10-09 73

2. ANALYSIS O F RESULTS BY AREAS
T he infestation  o f  a  host popu la tion  can be m easured in  tw o ways. T h e  incidence, 

expressed as a  percentage o f  hosts  infested in  a  sam ple, is perhaps th e  less valuab le 
param eter. S tatistical m ethods are m ore applicable to , and  tell us m o re  abou t, th e  
in tensity  o f infestation , m easured as the m ean num ber o f  p arasite s/h o st in  a  sam ple. 
I t  is usual to  include zero coun ts in  calculating  this m ean. T he incidence an d  in tensity  
o f infestation  o f  the different age groups o f  herrings sam pled have a lready  been given 
in Tables III  and  IV , b u t i t  rem ains to  exam ine, area by area, th e  resu lts o f m ore  
detailed  statistical analysis w ith in  an d  betw een samples. In  the calcu lation  o f m ean  
w orm  burdens, sam ples o r sub-sam ples o f less than  15 fish have been ignored, o r else 
a tten tion  is d raw n to them .

(a) The N orth Sea
(i) Shetland. H erring  sam ples w ere ob tained through  A berdeen from  th e  landings 

m ade during the  la te  spring an d  sum m er m onths a t F raserburgh . M o st o f the  sam ples 
cam e from  w ith in  60 miles o f  the  Shetlands, often from  close in-shore, b u t in  1970 tw o 
sam ples orig inated  from  n ear the islands o f  N o rth  R o n a  an d  Sule Skerry. All the  fish 
had  a  high level o f  infestation . In  1969 the m ean w orm  burden  increased in  the  3 
successive age groups exam ined. B u t even higher w orm  burdens w ere recorded  fo r the 
younger age g roups th a t m ade u p  the 1970 sam ples. A m ongst IV  g roup  fish, w hich 
predom inated  in  the 1969 sam ples, the m ean w orm  burden  varied significantly from  
sam ple to  sam ple (Table VI). T his was n o t the case fo r the  I I  g roup  fish w hich w ere 
the m ajority  g roup  in  1970 sam ples.

(ii) N orthS h ie lds. T his is th e  largest herring  fishery and  consequently  m uch  a tten tio n  
was paid  to  it. T he sam ples, ob ta ined  betw een June an d  Septem ber, w ere m ostly  
caught either n ear the  F arn e  Islands o r from  an  area 10-30 m iles n o rth -eas t o f the 
Tyne. In  1969 the I I  g roup  fish h ad  the h ighest m ean w orm  burden , the m eans falling
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T able VI. Analyses of variance on the mean worm burdens of IV group 
herring from 1969 and II  group herring from 1970 Shetland samples

Age Sum of squares D.F. Mean square F-value

IV Between 62 087 7 8870 7-9982*
Within 312 757 282 1109
Total 374 844 289

II Between 5512 3 1837 1-3302
Within 189 237 137 1381
Total 194 749 140

* Significant at P=0-005.

o ff fo r  I I I  an d  IV  group  fish. O n the  o th e r han d , the m ean  w orm  burden/fish  o f each 
cm  length  g roup  show ed a  rise  in te rru p ted  only  a t  23 cm (Fig. 2). T he explanation 
p o in ts  an  in te resting  m oral. A n  age-length analysis o f  the  fish in  these sam ples showed 
th a t  I I  g roup  fish p redom inated  in  every cm  length  group  except 23 and  24 cm . H ad  
len g th  been regarded  as b ro ad ly  indicative o f  age an d  w orm  b u rden  related  only to  
leng th , it  is ap p a re n t th a t a  false conclusion m igh t have been d raw n. F o r th is  reason 
em phasis has been la id  on  age ra th e r  th a n  leng th  in  assessing an d  com paring  the 
in festa tions recorded  in  th is  survey.

I n  b o th  years th e  m ean w orm  b u rd en  o f  II  g roup  fish for each  sam ple varied , show­
in g  a  tendency  to  rise during th e  season  (Fig. 3). F o r  th e  1969 figures, these m ean 
w o rm  bu rdens w ere significantly correla ted  w ith  th e  m ean  leng th  o f each  sam ple 
(r= 0 -7 4 ), b u t th is  w as n o t the case in  1970 (r= 0 -3 5 ). In  1970 sam pling began  earlier 
a n d  com pared  w ith  1969 the II  g roup  fish w ould  ap p e ar to  have a  low er m ean  worm  
b u rd en — 67-4 in  1970, 81-71 in  1969; b u t th is  is only because o f  the inclusion in  1970 
figures o f  I I  g roup  fish sam pled in  June  w ith  low est w orm  bu rdens o f the  season. I f

loo
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F ig . 2. M ean w orm  burdens (---------------- ) and  percentage infestations. (-------------- ) per cm  length
groups of North Shields herrings in 1969.
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F ig . 3. M ean worm  burdens of II group herrings from  N orth  Shields in 1969 (--------------)  and  1970
(---------------- ) ( showing the tendency fo r these to  rise during the season.

only  th e  Ju ly  to  Septem ber sam ples are com pared  fo r the tw o years the  m ean  w o rm  
bu rdens fo r th is age group are a b o u t the sam e— 79-49 in  1970, 81-71 in  1969. T h u s  
w hile I I  g roup  fish had  higher m ean  w orm  bu rdens th a n  I II  g roup  fish in  1969, th e  
reversal o f  th is situation  in  1970 was due m ain ly  to  an  increased level in  3-year-olds—  
i.e. th e  sam e year class as 1969 II  group.

(iii) E ast A nglia. I t  is well know n th a t the  once g reat E ast A nglian herring  fishery h a s  
declined drastically  over recent years an d  sam pling  o f  this area was patchy . H errings 
w ere sam pled  either in  the au tu m n  or the  spring /early  sum m er, all the  catches com ing 
fro m  ju s t  o ff the coast between C rom er an d  Low estoft. O n average the  au tu m n  fish 
p roved  to  be ra th e r sm aller— 22-29 cm as com pared  w ith  25-30 cm — an d  younger 
— 3-0 years as against 3-4 years— than  the spring/early  sum m er fish. In festa tions w ith  
A n isa k is  w ere very high. The m ean  w orm  b u rden  o f  the  au tum n  fish was low er th a n  
th a t o f  the others, w hether expressed p er age group  (see Table IV) o r per cm  leng th  
g roup  (Fig. 4).

_  (b )
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0-6
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0-4
0-322 24 26 28 30

L e n g th  group (c m ) Age group (years)

F ig . 4. East Anglian herring: variation in m ean worm  burden/cm  length group (a) and per age group 
(b). ---------------- , Spring caught h e rrin g s ;----------------, autum n caught herrings.
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(iv) B lackw ater E stuary . These herrings were ob ta ined  d u ring  th e  period  D ecem ber 
to  A pril fro m  th e  E stu a ry  o f  the  B lackw ater o u t  as fa r as Eagle B ank o ff C lacton, 
Essex. T h e  s to ck  is believed to  be a  local o n e  and  was characterized by  a  heavy 
in festa tio n  w ith  th e  la rv a l cysts o f  a  te tra rh y n ch  cestode. O n the  o th er han d , in ­
festa tion  w ith  A n isa k is  w as generally  low er th a n  in  th e  N o rth  Sea stocks so fa r con­
sidered. O f 114 herrings infested w ith  Anisakis, 82 had  5 o r fewer larvae, m ostly  only 
one, b u t th e  rem ain ing  32 h a d  counts ranging  r ig h t up  to  a  reco rd  278. I t  w ould  seem 
th a t these figures, coup led  w ith  an  inverse re la tionsh ip  betw een A nisakis  co u n t and 
cestode cyst coun t, can  best be explained by assum ing  th a t those  fish w ith  a  high 
A nisak is  co u n t a re  strays from  th e  open N o rth  Sea, n o t belonging to  the  local B lack­
w ater stock. T h e ir low  cestode cyst coun t w ould  also be consisten t w ith  a  sh o rt term  
associa tion  w ith  th e  E stu a ry  stock. I t  m ay  also b e  significant th a t m o st o f  them  w ere II  
g roup— the  d o m in a n t age g roup  in  E ast A nglian  samples.

(b) W est o f  Scotland
(i) M inches. A n  extensive w inter fishery exists in  this area  an d  over 1000 fish were 

sam pled fro m  land ings a t  O ban  du ring  the  tw o w inters o f the survey period . T h e  location  
o f  sam ples is show n in  Fig. 5. In  th e  1968/69 season  6 sam ples (M l to  M 6) w ere taken 
an d  th e  m ean  w orm  b u rden  was fo und  to  fall ra th e r  than  to  rise  w ith  successive age 
groups, a lth o u g h  th e re  was a  rise from  IV  to  V g roup  fish. T he m ean  w orm  burdens 
o f  each  age g roup  in  th e  1969/70 sam ples (M 7 to  M 15) show ed th e  sam e p a tte rn  for 
th e  sam e year classes— there was an  overall fall, b u t w ith  a  rise fro m  V  to  V I group. 
In  1968/69, the  m ean  w orm  bu rdens o f  any given age group did n o t vary  significantly 
am ongst the  sam ples, b u t th e  m eans fo r w hole sam ples d id  p roduce  a  significant 
F -value in  an  analysis o f  variance (Table V II). Surprisingly, these m eans d id  no t 
co rrespond  to  th e  age com position  o f th e  sam ples. Thus w hen a n  4 expected ’ m ean 
w orm  b u rd en  w as calcu la ted  fo r each sam ple using the  age com position  and  th e  m ean 
w orm  burdens o f  age groups, they  agreed w ith  observed m eans fo r sam ples M l ,  2, 4 
an d  5, b u t dep arted  significantly fo r M 3 and  6. F igure 6 show s how  an  aggregation in 
sam ple M 3 o f  the  low er m ean  w o rm  burdens and  in  sam ple M 6 o f  the  h igher m eans 
h as  p roduced  th is  situa tion . T h e  p a tte rn  was repeated  in  1969/70 w hen M 8 h ad  a 
significantly low  m e a n  w orm  b u rd en  and  M 13 a  significantly h igh one.

(ii) A yr (C lyde E stuary ). F ew h errin g w ere  ob ta ined  from  th is sum m er fishery in  1969 
in  c o n tra s t to  a  lo n g  series o f  sam ples th a t were secured in  1970. T he sam ples were 
ta k e n  in  the  a re a  betw een  th e  C um braes and  the sou thern  tip  o f  A rra n  includ ing  the 
channels to  the  n o r th  a n d  w est o f  th e  la tte r  island. Levels o f  in festa tion  w ith  A nisakis  
w ere low  an d  n o  s ta tis tica l significance could  be a ttached  to  the  slight v a ria tio n  in  
m ean  w orm  burdens o f  successive age groups. A n analysis o f  variance on  the  sam ple 
m eans gave a  significant F -value (T able V III) w hich could n o t be co rre la ted  in  any 
obvious w ay w ith  e ither age com position  or locality.

(c) Irish  herring fisheries
(i) Isle o f  M an . F o u r  sam ples w ere ob ta ined  in  June  and  S eptem ber o f 1969 from  

M anx  b o a ts  fishing ju s t  off the  co ast o f Co. D ow n and  from  b o th  w est an d  east sides o f 
th e  Island . T he num bers o f A nisak is  w ere m ostly  low  and  p resen t in  only a  few  fish. 
B ecause th ree  fish h a d  consp icuously  h igh larval counts, no m eaningful analysis o f  the 
d a ta  w as possible. In  te rm s o f  real counts, o u t o f  240 herrings exam ined, 28 were 
in fested  an d  o f  these 7 h a d  4, 6, 8, 9, 27, 33 and  40 larvae respectively, all rem ain ing  
coun ts being  3 o r  less.
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N o r t h  M i n c h

F ig . 5. Distribution of Minch samples. Numbers 1-6 caught between November ’68 and March ’69; 
numbers 7-15 caught between October ’69 and February ’70. Location of samples 11 and 13 
not known.

(ii) D u n m o reE ast. Sam pled only on one occasion, in  Jan u ary  1970 off Co. W aterford , 
Eire, the  herrings w ere o f a  wide range o f ages w ith a peak  in  the  V  g roup . A b o u t 34 % 
were infested an d  a  definite and  significant rise in  the m ean  w orm  burden  was found 
w ith successive age groups. A lthough  the num bers o f larvae w ere generally low  in 
fish up  to  V  g roup , V I group and over had  quite substan tia l num bers— in real term s 
over 20 and  u p  to  64/fish.

(iii) G alw ay Bay. A lso sam pled on  one occasion only, in  O ctober 1970, these herrings 
had  a level o f infestation  in term ed iate  between the previous 2 stocks. T h e  m ean  w orm  
burden  varied for each  age group  giving a  significant T-value in  an  analysis o f  variance 
(F = 9-0125  fo r 3 an d  162 degrees o f  freedom ) b u t the  accum ulation  effect is only 
noticeable in  the I II  an d  IV  groups.
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T a b l e  VII. A nalysis of variance on the mean worm burdens of each 
age group in the 1968/69 Minch samples

Age . Sum of squares D.F. Mean square F-value

III Between 1670 3 557 0-2478
Within 101 163 45 2248
Total 102 833 48

IV Between Í5 529 5 3106 2-2821
W ithin 298 779 226 1322
Total 314 308 231

V Between 10 396 5 2079 1-3888
Within 212 574 142 1497
Total 222 970 . 147

V it Between 10 543 3 3514 2-6421
W ithin 75 794 57 1330
Total 86 337 60

. Total Between 28 418 5 5684 3-8958*
Within 706 115 484 1459
Total 734 533 489

* Significant at P=0-005. 
f  Some samples with less than 15 fish.
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F i g .  6. • Aggregation o f high and  low m ean worm  burdens of some age groups in M inch samples 1-6 
(1968-69). X , IV group m eans; 0> V group m eans; A» V I group m eans; sample means.

(d) The English Channel
(i) B rixham . T he fishery a t  B rixham  is barely  viable an d  this was reflected in  the 

spo rad ic  n a tu re  o f  the  sam pling. A ll the sam ples cam e from  ju s t o ff the  coast o f  D evon 
betw een Berry H ead  an d  D artm o u th , betw een O ctober 1969 an d  Septem ber 1970. 
In  the  firs t place the  age com position  p roved  rem arkable . F requency  d istribu tion
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T able VIII. Analysis o f variance on the mean worm burdens of each 
age group and on whole samples for Ayr herrings, 1970

Age Sum of squares D.F. Mean square F-value

I Between 210 4 53 0-3926
Within 29 440 218 135
Total 29 650 222

II Between 2103 13 162 1-3846
Within 35 233 300 117
Total 37 336 313

III Between 5031 11 457 1-5651
Within 63 055 216 292
Total 68 086 227

IV Between 826 6 138 0-4000
Within 25 863 75 345
Total 26 689 81

Total Between 4949 13 381 2-0053*
Within 175 201 911 190
Total 180 150 924

* Significant at P  =0-025.

g raphs o f  each age group against leng th  show ed th a t fo r the IV, V  an d  VI group fish 
the curves h ad  m ore th a n  one peak. M oreover fo r each o f these 3 age groups th e  first 
p ea k  in  th e  curve was entirely accounted  fo r by the  fish from  the O ctober 1969 sam ple 
(Fig. 7). A lthough caught in  the sam e area, it  seems possible th a t the  IV  to V I group  
fish in  th a t sam ple cam e from  a  different stock.

T he B rixham  herrings h ad  an  extrem ely low  incidence o f A nisakis  infestation  and  
were also  infested w ith  cestode cysts sim ilar to  those no ticed  in  the B lackw ater E stuary  
herrings. In  com m on w ith th a t s tock  and  w ith  the  Isle o f  M an herrings, the num bers 
o f A n isa k is  larvae were low w ith a  num ber o f no tab le  exceptions. A lso the IV  to VI 
g roup  herrings o f O ctober 1969 h a d  noticeably  fewer infested w ith A nisakis  th a n  the 
sam e age groups in  the  rem aining sam ples; 3 fish o u t o f  164 in  the O ctober sam ple 
w ere infested w ith only 1 o r 2 la rvae  each, while 28 o u t o f  184 fish in  the  rem ain ing  
sam ples h a d  larval counts ranging  from  1 up  to  26. These infested fish w ere random ly  ' 
sp read  th rough  the 1970 samples.

(e) N orth  Sea young herrings
Y o u n g  herrings. I  g roup  herrings under. 20 cm length , w ere sam pled from  a  variety 

o f  areas in  the N o rth  Sea. T he o p p o rtu n ity  fo r this sam pling cam e only th rough  the 
M .A .F .F .’s con tribu tion  to  th e  an n u a l young  herring  survey o f  the  I.C .E .S . T his 
im posed an  arb itra ry  p a tte rn  on  the  areas o f  sam pling over w hich the au th o r h ad  no 
con tro l. A ll the fish w ere classified as ‘ au tu m n  spaw ners ’ by L ow estoft fisheries 
biologists. O n the 1969 survey the  num bers o f A nisakis  larvae w ere recorded  fo r 
w hole sam ples a t som e stations, n o t fo r the ind iv idual fish. In  o rder to  m ake the  2 
years’ sam ples com parable, the  num ber o f la rv a e /100 I  g roup fish was calculated 
(un transfo rm ed) and  Fig. 8 shows these num bers fo r each s ta tion  on  the  2 years’ 
cr,uises. Since m ost o f the sam ples w ere o f  less th a n  100 fish the num bers are m ostly  
ex trapo lations. F o r  1969 the figures w ere nearly  a ll low, ind icating  a  real co u n t o f  less 
th a n  1 larva/fish  on  average. The single exception was th e  s ta tion  close to  the B ritish
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F ig . 7. Frequency distributions of centim etre length groups within each age group for Brixham  
herrings. H istogram s a t left, herrings from  samples BX 2 to 6; histogram s a t right, herrings 
from  sam ple BX 1 only.

coast— statistica l square  6E. In  1970 the m ajority  o f  figures w ere h igh, and  m ost o f 
these w ere close to  th e  B ritish  coast. B u t 2 h igh figures occurred  far o u t in  the 
open  sea a t  squares 13H  an d  13J.

3. TH E O CC U R REN CE O F A N IS A K IS  LARVAE IN  TH E M USCULATURE OF TH E
H ER R IN G .

A s has been no ted , the  norm al s ituation  o f the A nisakis  la rv a  in  the  body o f the 
h e rrin g  is as an  encysted la rv a  a ttached  to  the m esenteries an d  b o d y  organs. A few 
m ay be fo u n d  excysted an d  w ith  the  head  end buried  in  the m uscu la tu re  o f the  belly 
w all. O ishi et al. (1969) in  record ing  the num bers o f  A nisakis  la rvae  from  th e  body 
cavity  o f  Pneum atophorus japonicus  no ted  an  increase in  the  percen tage o f  larvae 
occurring  in  the  m uscles as the  fish length  increased from  29-34  cm , a lthough  there 
w as a  fall-off in  fish over th is length.

In  th e  p resen t survey th e  num bers o f  larvae found penetra ting  the  m uscu la tu re  were 
reco rded  an d  w hen corre la ted  w ith  the length  of the  fish gave an  approx im ate ly  norm al 
curve closely reflecting th a t o f  the  sam pling d istribu tion  (Fig. 9). T h e  percentage o f 
la rvae occurring  in  the  m uscles rem ains practically  co n stan t in  a ll leng th  groups, a t 
ab o u t 0-77%  o r 1 in  every 130 larvae. E xam ination  o f  the d a ta  confirm ed th a t the 
sam e resu lt h eld  w hen the  num bers w ere p lo tted  against age groups. T h is resu lt shows 
th a t the  tendency  fo r each  A nisakis  la rv a  to  penetra te  the  herring ’s m uscu la tu re is
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F i g . 8. N um bers o f Anisakis (untransform ed) per hundred I  group herrings a t  stations on I.C .E .S . 
Y oung H erring Surveys in February  1969 (figures in lower ha lf o f squares) and February  
1970 (figures in upper ha lf o f  squares).

constan t an d  independen t o f  any o th er factors such as the  age o r leng th  o f  the  h o st, 
num bers o f  o th e r  la rvae in the  sam e host o r the leng th  o f tim e a lready  spent in  th e  
host.

IV. DISCUSSION
T he herrings exam ined in  this survey were n o t assigned either individually  o r 

collectively to  p articu la r spaw ning stocks. T his ca n n o t b e  done fo r  individuals in  th e  
case o f  herrings, an d  to  do  it  collectively requires th e  cata loguing o f  m uch  add itiona l 
d a ta  o n  m eristic  characters, an  increase in  the w ork  o f  sam pling th a t was n o t c o n ­
sidered feasible in  th is  survey.

T he existence o f  d ifferent spaw ning stocks m ust be bo rne in  m ind  in  th e  in te rp re ta ­
tion  o f  the  survey results. W hilst m ost herring  fisheries are pre-spaw ning, spaw ning 
or spen t fisheries, the  N o rth  Shields sum m er fishery largely exploits feeding herring , 
pre-recruits to  the  D ow ns (sou thern  N o rth  Sea) stock , on  the ir w ay sou th  to  the
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spaw ning  grounds. In  fac t all th ree N o rth  Sea herring  stocks have their feeding grounds 
in  th e  w estern  p a r t  o f the m idd le  an d  n o rth e rn  N o rth  Sea (H arden-Jones, 1968). Less 
is know n  ab o u t the  o th e r stocks.' T he M inch  herrings are a  m ix tu re  o f  spring  and 
sum m er spaw ners (Baxter, 1958). T h e  C lyde and B lackw ater E stu a ry  herrings m ay be 
regarded  as iso la ted  stocks confined to  these  particu la r areas, a lth o u g h  th is does n o t 
prec lude the  presence o f  non-loca l strays. The herrings sam pled from  the English 
C hannel, the  Irish  Sea an d  G alw ay  B ay are  also each  ra th e r localized  populations, 
b u t to  w hat ex ten t they involve m ixed stocks is n o t clear.

1. INCREASE OF INFESTA TIO N  W ITH LENGTH A N D  AGE 
I t  w as a  m a jo r conclusion o f  K h a lil’s (1969) survey th a t infestations increased  w ith 

the length , and  age o f  th e  fish. B u t leng th  is only stric tly  related  to  age w ith in  a  given 
spaw ning  stock  and  the  experience o f  th is survey was th a t the  sam e set o f  d a ta  can 
give tw o different im pressions i f  m e an  w orm  burdens a re  re la ted first to  leng th  and  then 
to  age. I t  is m o st p robab le  th a t th is  arises from  the m ix tu re  o f  d ifferent stocks in  the 
sam e sam ples. A  rising tren d  o f  m ean  w orm  burdens re la ting  un iform ly  to  b o th  length 
an d  age was fo und  only fo r th e  G alw ay an d  D unm ore sam ples w here m ix tures of 
stocks w ere p robab ly  .no t involved a n d  w here sam pling was restricted . H igher rates 
o f  in festa tion  occurring  in  the  younger age groups w ere recorded  fo r M inch , Shetland
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and  N o rth  Shields sam ples w here such m ixing m ay occur and w here sam pling e r ro r  
was m inim al.

2. VARIATIONS OF INFESTATION W ITH LOCALITY
W hile it is clear enough th a t K h alil’s conclusion on  this p o in t has been am p ly  

reinforced  by the present survey d a ta , it  is o f in terest to  consider the m a tte r  fu rth e r a t  
th e  level o f variations w ithin a  locality. T h e  IV  group fish in  the 8 sam ples from  a ro u n d  
th e  Shetlands in  1969 had significantly different m ean  w orm  burdens n o t obviously  
co rrela ted  w ith the precise location  o r  w ith  the tim e o f  sam pling. O ne can only fa ll 
back on  the m ixture o f  stocks exp lanation , no ting  th a t in  addition  to  all 3 N o rth  S ea 
stocks th is  area a t th is tim e could con ta in  N orw egian spring-spaw ning herring.

T he m ean  worm ' burden  o f  C lyde sam ples in  1970 apparen tly  varied  significantly  
while show ing no co rrela tion  w ith  the-age com position  o r  location  o f sam ples. B u t 
p resum ably  i f  the level o f in festa tion  is low  enough, the  chances o f  each  herring  e n ­
countering  a  single A nisakis  la rv a  in  its  food  are  such th a t, even w ith  sam ple sizes o f  
100 fish, m ean w orm  burdens canno t be ju d g ed  significantly different f ro m  one a n o th e r  
a t  conventionally  accepted p ro b ab ility  levels. M uch m ore rigorous stan d ard s m u st b e  
applied  and  the significance rejected.

F o r  the M inch sam ples there w as som e correla tion  between the varying sam ple 
m eans and  the exact location  o f  the sam ple. T he evidence suggested a  h igher m ean  
w orm  burden  in  sam ples caught close to  the  m ain land  (M 6, ?M13), an d  low er ones 
in  the  m ost westerly (off-shore) sam ples (M 3, M 8). T h is m ay reflect a  division o f  th e  
stocks (spring and sum m er spaw ners) o r it  m ay tell us som ething ab o u t the  d is trib u tio n  
o f  th e  first in term ediate host in  these w aters.

3. INCID EN CE OF INFESTATION IN  RELATION TO THE N O R TH  SEA COAST
K halil (1969) considered th a t in festations were greater closer to  o u r eastern  coasts

th a n  off-shore in  the N o rth  Sea. G iven  th a t his fish were n o t aged an d  adding  th e  
com plications arising w ith m ixed stocks, th is  resu lt m ust be trea ted  w ith  cau tion . I n  
the p resen t survey only I  g roup an d  a  few I I  g roup herrings were sam pled  fro m  off­
shore locations in  the N o rth  Sea an d  these leave a  highly am biguous situ a tio n  w ith  
regard  to  the po in t: in  F eb ru ary  1969 h igh  A nisakis  infestations w ere recorded  in  I  
group  herrings from  the only coasta l location , while low levels w ere registered o ff­
shore, b u t in  the follow ing year high levels occurred b o th  in-shore a n d  off-shore.

4. TH E FIR ST INTERM ED IATE HOST O F  A N ISA K IS: FACTS AND D EDUCTIONS
A t presen t no published records o f  n a tu ra lly  occurring infested firs t in te rm ed ia te

hosts o f  A nisakis  exist for th is area o f  the  w orld . V an  B anning (personal com m unica­
tion , 1970) has found  a  single infested euphausid , M eganyctiphanes norvegica, fro m  
the  N o rth  Sea and  J. W. Sm ith  (personal com m unication , 1971) has also  found  som e 
infested euphausids. T he Japanese  rep o rted  a  few euphausid infestations from  th e  
n o rth e rn  Pacific (O shim a et al., 1969). I t  is generally assum ed th a t the  first in term ed iate  
h o s t is a  p lanktonic crustacean  b u t, desp ite  several diligent searches, records o f  n a tu ra l 
infestations a re  few and  far betw een. In  th is  s ituation  the follow ing theo ry  fro m  
Z ijlstra  (personal com m unication, 1970) bears careful consideration.

I t  is o ften  assum ed th a t th e  lack  o f  m arked  host specificity show n by  A nisakis  in  
re la tion  to  its teleost and m am m alian  hosts extends to  its likely choice o f  first in te r­
m ediaries. B ut it  w ould n o t be incom patib le  w ith  the  infestations encountered  in
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te leosts fo r  the  p a ra s ite  to  be qu ite  specific to  its first in term ediate  host. Z ijlstra  fu rther 
conjectures th a t  A nisak is  is ind igenous to  m o re  n o rth erly  w aters th a n  ours b u t has 
extended its range, p erhaps on ly  in  recent years, as a  resu lt o f  a  co rresponding  exten­
sion in  th e  ran g e  o f  the  first in term ediate  host. Since th e  D u tch  w orkers also believe 
th a t levels o f  in festa tion  in  the  herrings in  the  N o rth  Sea have been falling over the 
la st decade, th is s itua tion  m ay now  be reversing itself.

T his is a n  a ttrac tiv e  theory . O f th e  3 species o f A nisak is  (Davey, 1971) it is m ost 
likely th a t the  la rv a  in  herrings is th a t o f  A nisakis sim plex  and  the  m ajo rity  o f  (final) 
h o s t records o f  th is  species a re  from  cetaceans o f p o la r  w aters (bo th  hem ispheres). 
I t  has been n o te d  th a t all 3 N o rth  Sea stocks o f herring  feed in  the  north-w estern  p a rt 
o f th a t Sea. I f  they  are receiving th e  in festa tion  from  a  crustacean  w hich is a t the 
lim its o f  its geographical range, then  annual fluctuations in  the  p o p u la tio n s o f this 
c ru stacean  such  as a re  com m on to  m ost p lank ton ic  organism s, a re  bou n d  to  affect the 
level, o f  in festa tio n  to  w hich the  herrings a re  exposed each  year. H errings feed selec­
tively (H ardy , 1924) so if, say, the  num bers o f  Calanus (a  favourite  food  item ) w ere low 
in  a  given year, g rea ter th a n  u sual num bers o f  th e  infested crustacean  h o s t m ight be 
taken . W ith  such  fac to rs opera ting  the  accum ulation  o f  A nisak is  la rvae  w ith  increas­
in g  age w o u ld  be exceedingly com plex.

5. A N N U A L TREN D S IN  A N ISA K IS  INFESTATIONS
I t  w as m en tio n ed  above th a t D u tch  w orkers believe A nisakis  infections in  N o rth  Sea 

herring  to  be o n  the  decline. K halil (1969) believed th a t  w here he h ad  com parab le 
sam ples th e  tren d  w as upw ards in  the  period  1966-68, except in  the  B lackw ater E stuary  
herring . A  2 year survey p erio d  is n o t sufficiently long  fo r the  elucidation  o f  such 
trends, especially  considering the  views fo rm ulated  above concern ing  th e  fluctuations 
in  levels o f  in festa tion  likely to  be encountered  by the  te leost hosts. W h a t is apparen t 
is th a t the re  w ere n o  d ram a tic  changes in  any o f the stocks sam pled  over th e  whole 
survey period . T he I I  g roup  fish th a t p redom inate  in  the  Shields fishery h ad  roughly 
th e  sam e m ean  w orm  b u rd en  in  1970 as in  1969; an d  in  the  M inches the  s itu a tio n  also 
seem ed to  rem ain  com paratively  sta tic  over the 2 seasons o f  sam pling. I t  is un fo rtunate  
th a t none o f  the  p resen t survey d a ta  are stric tly  com parab le  w ith  those  o f  K halil.

V. CONCLUSIONS

N o  are a  surveyed was fo u n d  to  be com pletely free o f  A nisak is  in festation . Levels 
w ere h ighest in  the  N o rth  Sea w here m ean  (transform ed) w orm  bu rdens exceeded 100 
in  all 3 fisheries (Shetlands, N o rth  Shields an d  E ast A nglia), w ith  90-100 % infestation  
rates. In  rea l term s th is  m eans th a t fo r the  heaviest infested sam ples a lm ost every fish 
h a d  m ore th a n  10 w orm s, w ith  coun ts o ften  in  excess o f  50. A t the  o ther extrem e Ayr 
(Clyde) herrings h ad  m ean  w orm  bu rdens as low  as 6 w ith  as few as 2 % infested. Real 
coun ts  w ere o f  1 o r  2 la rvae  only. M inch  herrings held  th e  in te rm ed ia te  values w ith 
m ean  w orm  burdens betw een  34 a n d  74 fo r a round  80%  o f  fish infested. H ere  larval 
coun ts  w ere generally  less th a n  10, w ith  an  exceptional reco rd  o f 54. In  all th e  rem ain­
ing  areas (G alw ay  Bay, D u n m o re , Isle o f  M an , B rixham  an d  th e  B lackw ater E stuary) 
w orm  bu rdens w ere below  25 an d  ra tes o f  in festation  generally  below  30% . The 
la rv a l coun ts ten d ed  to  be m ore variab le in  these areas, coun ts  exceeding 10 being  no t 
uncom m on . In  som e cases these m ay have been due to  the  presence o f  non-local strays 
in  th e  area , such  as E ast A nglian  herrings en tering  the  B lackw ater E stuary .
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T he percen tage o f  fish infested was generally well co rre la ted  w ith  the  m ean w orm  
burden. T he phenom enon  o f  accum ulation  o f  la rvae w ith  host age is apparently- 
m odified by several factors. In  extrem ely low  infestations, e.g. A yr herrings, accum ula­
tio n  w as v irtually  undetectab le as m igh t be expected. I t  was plainly show n by th e  
D u n m o re  and  G alw ay Bay herrings b u t was am biguous in  the  M inch  and  N o rth  Sea 
herrings, the  tren d  often  being reversed. Tw o m ain  explanations w ere forw arded  fo r  
this. In  the first instance stocks were n o t separated  in  the  sam ples an d  m ixtures o f  
stocks in  th e  sam e sam ples could m odify the  accum ulation  graph . Secondly, the level 
o f in festa tion  to  w hich the herrings are exposed each year m ay fluctuate in  accordance 
w ith  th e  d istribu tion  and  in festation  o f an  as yet unidentified first in term ed iate  h o st. 
The selective feeding behaviour o f  the  herring  could fu rth e r m odify  the  accum ulation  
o f larvae.

In  th e  M inch there was som e evidence th a t h igher in fections w ere associated w ith  
proxim ity  to  the  m ain land  coast. A  sim ilar effect in  th e  N o rth  Sea, observed by  
K halil (1969), cou ld  n o t be confirm ed.

The tendency  o f  each Anisakis larva to  bore  in to  the m uscu la tu re  o f the  herring was 
show n to  be constan t in  th a t approxim ately  one in  every 130 larvae was found in  this 
circum stance regardless o f th e  age or length o f the  host, th e  num ber o f  o ther larvae 
p resen t in  th e  sam e host, or the length  o f tim e spent in  the  h ost. Over th e  period  o f the 
survey i t  could n o t be said th a t the fish o f  any  area  show ed a  d ram atic  rise or fall in  
in festa tion  rates. T he B lackw ater E stuary  herring  h a d  betw een 6 and  26%  infection 
rates w hich  are generally higher th a n  the 7 -8  % recorded  b y  K halil fo r th e  fish o f this 
area.
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