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ABSTRACT: Trophic  levels of basic  food items, feed ing  habits  a n d  trophic  levels of various North  Sea 
fishes have  b e e n  der ived  from historical re ferences a n d  the MAFF North Sea Groundfish  Survey da ta  in 
1977, 1978 and  1980. There  is an  obvious p rogression  in the m ea n  trophic  levels from p lan k to p h a g ic  
(3.5) to b e n th o p h a g ic  (3.9) a n d  ich thyophagic  (4.5). T he  m e a n  trophic  level of 34 spec ies  for the  period  
1947-77 is 3.67. W hile  the total catch an d  the catch of some spec ies  w ere  f luctuat ing  widely, the  m ea n  
trophic  level of the nom inal  catch of fish (excluding severa l  less im portan t  species) sh o w ed  a lm ost  no 
c hanges  (3.62-3.76) from 1947 to 1977. G enera l ly  speak ing ,  the catch should  approx im ate ly  reflect the 
a b u n d an c e  in a well  exploi ted  sea. Assum ing  that the trophic levels of 34 species  w e re  s im ila r  du r ing  
1947-77, fishing does not a p p e a r  to have  upse t  the fu n d am en ta l  ecological ba lan ce  of the  N orth  Sea. In 
o ther words, the in f luence  of fishing has not yet su rpassed  the se lf-regulatory  capacity  of the North Sea 
ecosystem.

INTRODUCTION

The trophic level of fish can be described  in relation 
to their  level of productiv ity  and  food consumption, 
and forms an im portant part  of the structure of food 
w ebs in an  ecosystem. The study of the trophic levels of 
fishes is of practical and  theoretical significance.

The presen t work at tem pts to m ake  an analysis  of 
trophic levels of North Sea fishes using the many 
studies of their  die tary  hab its  tha t have b ee n  con
ducted  since the last century.

DATA SOURCES AND METHOD

The trophic levels of basic  food item s of North  Sea 
fishes as shown in T able  1 are derived  from the l i te ra 
ture. Following the usual practice the  trophic level of 
a lgae  is taken  as 1. Similarly, the  trophic level of pure
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herbivorous an im als  is eq u a l  to 2, and  those of the first, 
second an d  third carnivores are 3, 4 and  5, re sp e c 
tively. In fact most m arine  an im als  feed on more or less 
mixed  diets, so tha t their  m e a n  trophic levels  will not 
be  exactly  w hole  in tegers.  For exam ple ,  Tem ora lo n 
gicornis  is recorded  as a m ixed  die t feeder.  It feeds 
chiefly on dia tom s and  copepods, the proportion  of 
dia toms in its s tom ach conten ts  b e in g  s lightly  more 
than  that of copepods (Lebour, 1922), and  therefore the 
trophic level of T. longicorn is  is ta k en  as 2.4 on a point 
basis. The trophic levels of the  o ther  an im als  are es t i 
m a ted  on a similar basis (Table 1).

T he  feed ing  habits  (based on food composition) of 
various fishes in the  North Sea are de r ived  from the 
li tera ture  on fish food s tudies  (Smith, 1889, 1890; Scott, 
1902; Todd, 1905, 1907; Bullen, 1912; Lebour, 1918, 
1919; Hardy, 1924; Savage, 1937; Hartley, 1940; Rae, 
1956, 1963, 1967; Raitt and  Adams, 1962; Ryland, 1964; 
M acer, 1966, 1977; Zilanov, 1966, 1968; Braber  and  de 
Groot, 1973; Daan, 1973; Wyatt, 1974; Shuvaev, 1977; 
Last, 1978a, b, 1980), an d  in addit ion  u n p u b l ish ed  
s tom ach contents data  (about 7,000 fish) w ere  m ade  
ava ilab le  to the au thor from the M AFF North  Sea 
G roundfish  Survey dur ing  1977, 1978 an d  1980. All the 
above da ta  w ere  rea na ly sed  by the  Points M ethod  
(Hynes, 1950) and  ignored  un im p o r ta n t  food items.
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Tab le  1. T rophic  level of basic  food items of North Sea  fishes (based on the sources indicated)

Food item Trophic  level Sources

C alanus fin m a rch icu s 2.3 Lebour (1922), Raymont (1963), M arshall  & Orr (1972)
Paracalanus pa rvu s 2.1 Lebour (1922), Raymont (1963)
P seudoca lanus e lo n g a tu s 2.1 Lebour (1922), Raymont (1963)
P seudoca lanus m in u tu s 2.1
Tem ora long icorn is 2.4 Lebour (1922), Raymont (1963)
E urytem ora  spp. 2.4 Kaestner (1967)
M etrid ia  lu cen s 2.1 Raymont (1963)
C en trop ages 2.4 Lebour (1922)
A cartia  clausii 2.1 Lebour (1922)
O ithona sim ilis 2.1 Lebour (1922)
O ithona h e lg o la n d icu s 2.1
C o p ep o d a  nauplii 2.1
B alanus  naup li i 2.1 Raymont (1963)
Cladocera 2.1 Raymont (1963)
Thysanoessa  in erm is 2.4 Raymont (1963)
N y c tip h a n es  couchii 2.3 Lebour (1922)
H y p e r i id ae 3.0 Lebour (1922), Kaestner (1967)
Mysids 2.4 Raymont (1963)
D ecapods larvae 2.5 Lebour (1922)
Crangon 3.2 A llen  (1960), Kaestner (1970), T iews (1970)
E up a g u ru s {= Pagurus) 2.6 Kaes tner  (1970)
P andalus 3.2 Simpson (1970), Kaestner (1970)
P ortunus 3.3 Kaes tner  (1970)
N ep h ro p s 3.3 O ak ley  (1978)
H yas 3.3 Kaestner (1970)
A p p en d icu la r ia 2.1 Davis (1955)
N ere is 2.4 K aestner (1967)
Pectinaria 2.3 K aestner (1967)
Terebella 2.3 K aestner (1967)
Sabella 2.1 K aestner (1967)
Polychaeta  larvae 2.1 L ebour (1922)
Scrobicularia 2.1 Kaes tner  (1967)
So len 2.1 K aes tner  (1967)
Tellina 2.1 K aes tner  (1967)
Lam ell ib ranch  larvae 2.1 Raymont (1963)
O phiura 3.0 C am pbe l l  (1976)
O ph io th rix 3.0 C am pbe l l  (1976)
Sagitta 3.5 Lebour (1922), Lebour (1924)
Detritus feeders 2.1 S tee le  (1974)

The va lues  of the trophic  levels of various fish w ere  
then  ca lcu la ted  from those of the  bas ic  food items 
(Table 1) and  the food com position of the  fish.

An ex a m p le  of the  ca lcu la tion  of the  trophic level of 
a fish (the herring) is g iven  in T ab le  2. The principal 
and  secondary  food items of the  herr ing  are derived  
from S avage  (1937), un im portan t  items be ing  ignored. 
Points a re  a l loca ted  to ea ch  food item accord ing  to its 
rela tive im portance  in the  s tom ach  contents of the  fish 
(Column I). The trophic level of each  food item, taken  
from T able  1, is en te red  in  C o lum n III. The rela tive 
contribution of each  food item (Column IV) is the 
product of C olum ns II an d  III, d iv ided  by 100. The sum 
of the  ind iv idual va lues  in  C o lum n IV is the w e igh ted  
m ean  trophic  level of the  food (=  2.450); tha t of the fish 
is o b ta ined  by a d d in g  1 to this va lue  to rep resen t the 
fish itself, g iv ing  3.450 or abou t 3.5.

T he  m ean  trophic level of the nom ina l  catch in the 
North Sea (Table 4, Fig. 1) is com puted  from 34 of the 
species  lis ted in the  ICES Bulletin S tatistique ' for the 
years 1947-77 (ICES, 1951-81), long rough  dab, poor 
cod and  bib  w ere  exc luded  b ecause  there  are no catch 
data  for these  species; tunas, garfish, seabream , ratfish 
a n d  unsor ted  and  un iden tif ied  teleost fishes w ere  also 
exc luded  because  they contribu ted  a l together  less 
th a n  1 % to the  total catch of fish in 1968-77.

The accuracy of the  values in T able  3 will clearly be 
in f luenced  by the  fact tha t m any  different m ethods 
have b ee n  used  by ind iv idual authors  to analyse the 
food contents of animals,  and  the  Points M ethod of 
Hynes (1950) is itself not a prec ise  one.

The percen tages  of herr ing  and o ther  p lank ton -feed 
ing fishes in the  nom inal total catch of fish from the 
North Sea in the  period 1947-77 are com puted  from
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Tab le  2. Calcu la t ion  of w e igh ted  m ea n  trophic level of the food of herring

Food item I
Points given

II
% of total 

points

III
T rophic  level of 
basic  food item

IV
V alue  of trophic level 

(III X II -  100)

C alanus finm arch icus 27 27 2.3 0.621
P aracalanus p a rvu s 2 2 2.1 0.042
P seudocalanus e longa tus 1 1 2.1 0.021
Temora longicorn is 9 9 2.4 0.216
M etrid ia  lu cen s 1 1 2.1 0.021
C entropages 1 1 2.4 0.024
O th e r  copepods 1 1 2.6 0.026
Thysanoessa  inerm is 3 3 2.4 0.072
N yctip h a n es  couchii 9 9 2.3 0.207
M eg a n yc tip h a n es 3 3 2.4 0.072
H yperi idae 8 8 3.0 0.240
D ecapoda  larvae 1 1 2.5 0.025
A m m o d y te s  larvae 6 6 3.2 0.192
O ther  fish larvae 1 1 3.5 0.035
Sagitta 3 3 3.5 0.105
O ikopleura 21 21 2.1 0.441
O ther  o rganisms 3 3 3.0 0.090

Total 100 100 2.450

Table  3. Feed in g  habits  and  trophic  levels of various North Sea fishes

Fish species Feed in g  habit Trophic  level

Sprat Spra ttus sprattus Plan k to p h ag ic 3.3
Raitt s sandeel A m m o d y te s  m arinus Plan k to p h ag ic 3.3
Norway pout Trisopterus esm arkii P lank tophag ic 3.4
Herring C lupea harengus P lank tophag ic 3.5
Scad Trachurus trachurus P lank tophag ic 3.5
Mackere l S co m b er scom brus P lank tophag ic 3.5
G reater  sandeel H yp ero p lu s lanceo la tus P lank tophag ic 3.5
Blue whiting M icro m esistiu s pou tassou P lank tophag ic 3.7
Witch G lyp to cep h a lu s cynog lossus B enthophagic 3.7
Plaice P leuronectes p la tessa B enthophagic 3.7
Sole Solea  solea B enthophag ic 3.7
Lemon sole M icrostom us k itt B enthophag ic 3.7
F lounder P la tich thys fle su s B enthophag ic 3.8
Dab L im anda lim anda B enthophag ic 3.7
Grey gurnard E utrigla gurnardus B enthophag ic 3.8
Long rough dab H ip p o g lo sso id es p la te sso id e s B enthophag ic 4.0
Haddock M ela n o g ra m m u s a eg le fin u s B enthophag ic 3.9
Tub gurnard Trigla lucerna B enthophag ic 4,0
Catfish A n arh ichas lu p u s B enthophag ic 4.0
Starry ray Raja radiata B enthophag ic 4.1
Poor cod Trisopterus m in u tu s B enthophag ic 4.0
Bib Trisopterus lu scus B enthophag ic 4.2
Red gurnard A sp itr ig la  cucu lus B enthophag ic 4.1
Roker Raja clavata B enthophag ic 4.0
Pollack P ollachius po lla ch iu s Ich thyophag ic 4.4
Cod G adus m orhua Ich thyophagic 4.4
Whiting M erla n g iu s m erla n g u s Ich thyophagic 4.3
Halibu t H ip p o g lo ssu s h ip p o g lo ssu s Ich thyophagic 4.4
Spurdog S q u a lu s  acanthias Ich thyophagic 4.4
Skate Raja batis Ich thyophagic 4.6
Saithe P ollach ius virens Ich thyophagic 4.5
Megrim L eip id o rh o m b u s w h iffia g o n is Ich thyophagic 4.5
Hake M erlucc ius m erlu cciu s Ich thyophagic 4.6
Turbot S co p h th a lm u s m a x im u s Ich thyophagic 4.6
Brill S co p h th a lm u s  rhom bus Ich thyophagic 4.7
Ling M olva  m olva Ich thyophagic 4.8
Angler L u p h iu s p isca torius Ich thyophagic 4.8
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Fig. 1. M e a n  troph ic  level of nom ina l  catch (filled circles) and  
nom ina l  total catch (open circles) of North Sea fish du r ing  

1947-77
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Fig. 2. P e rc en tag e  of he rr ing  (filled circles) a n d  of o ther 
p lan k to n  feed in g  fishes (open circles) in the no m in a l  total 

ca tch  of fish from the  North Sea du r ing  1947-77

ICES 'Bulle tin  S ta t i s t iq u e ’ (ICES, 1951-81), ag a in  
exc lud ing  the  sam e less im portan t  fishes as m en tioned  
above.

RESULTS 

F eeding Habit and Trophic Level of V arious Fishes

As m ay be se e n  from T ab le  3, the feed ing  hab i ts  of 8 
species  -  sprat, Raitt’s sandee l,  Norway pout, herring, 
scad, m ackere l,  g rea te r  sa n d ee l  and  b lue  w h it in g  -  are 
p la n k to p h a g ic  w ith  a m e a n  trophic level of 3.5 (range 
3.3 to 3.7). The feed ing  h ab i ts  of 16 species  such as 
witch, p laice, sole, dab, g rey  gurnard , haddock ,  starry 
ray, poor cod an d  bib are ben thophag ic ,  w ith  a m ean  
t rophic  level of 3.9 (range 3.7 to 4.2). T he  feed ing  
hab i ts  of 13 o ther  species, whiting , cod, spurdog, skate, 
saithe, hake ,  brill,  an g le r  an d  so on, are ichthyophagic ,  
w ith  a m e a n  trophic level of 4.5 (range 4.3 to 4.8). 
T here  is a n  obvious progress ion  in the  m e a n  trophic 
levels  from p la n k to p h ag ic  (3.5) to b e n th o p h ag ic  (3.9) 
an d  ich thyophag ic  (4.5). The overall m e a n  trophic 
level of fishes for the  per iod  1947-77 is 3.67 (Table 4).

Long-Term C hanges of M ean Trophic Level 
of N om inal Catch of Fish

As show n in Table 4 and  Fig. 1, the m e an  trophic 
level of nom inal catches of North Sea fish during 
1947-77 ranged  from 3.62-3.76, show ing almost no 
ch a n g e  during  this period.

DISCUSSION

Since 1947 the  total catch of fish exc lud ing  several 
less im portan t species (see section Data Sources and 
M e th o d ’) from the North Sea has f luctuated  widely. 
D uring the per iod  1947-60 the  total catch of fish was 
1.43 to 1.97 million tonnes. From 1961 to 1968 there 
w as  a sharp  increase  to 3.28 million tonnes, and  th e re 
after the  level of catches has  varied  b e tw e en  2.44 and 
3.38 million tonnes.

For m any ind iv idual  species, the  fluctuations of 
catch are even  more ev iden t than  tha t  of the total. The 
bes t  know n exam ple  is the herring, catches of which 
rea ch ed  a p ea k  level of 1.3 million tonnes in  1965, 
followed by a sharp  dec line  to 44,000 tonnes in 1977. 
M acke re l  shows a history sim ilar to herring. Whilst 
some species are in a per iod  of decline, others have 
increased, for exam ple  sandee ls  (mainly A m m o d y te s  
m arinus), the catch of w hich  has  greatly  increased  
since 1965 (130 thousand  tonnes) reach ing  786 
thousand  tonnes in 1977. Similarly, the catch of N or
w ay  pout varied in the  per iod  1962-77, be ing  53 
thousand  tonnes in 1966 and  823 thousand  tonnes in 
1974 (ICES 'Bulletin S ta ti s t ique’ for the  years 1947-77) 
(ICES, 1951-81).

A lthough  the herr ing  dec lined  b e tw e e n  1947 and  
1977 (from 69.1 % in 1947 and  74.8 % in 1948 to 1.7 % 
in 1977), the  pe rc en ta g e  of p lank ton-feeders  in the 
total catch of fish rem a in ed  s teady (average 69 .8% , 
ran g e  51.6-77.3 %), appa ren t ly  by virtue of the 
rep la ce m en t  of herr ing  by other p lank ton-feed ing  
fishes (from 1.6 % in 1947 to 67.3 % in 1977) (Table 4, 
Fig. 2). It is therefore of considerab le  in terest to find 
that,  desp ite  these  and  o ther  changes  in the total catch 
or the  catches of ind iv idual species, the m e an  trophic 
level of the nom inal catch show ed almost no change 
from 1947 to 1977, vary ing  only b e tw een  3.62 and  3.76.

G enera lly  speak ing , the  catch should  approxim ate ly  
reflect the abun d a n ce  in a w ell-explo ited  sea. A ssum 
ing tha t  the trophic levels of the 34 species  were 
sim ilar  during  1947-77, fishing does not ap p e a r  to 
have  upse t  the  fundam en ta l  ecological ba lance  of the 
North Sea. In other words, the  influence of f ishing has 
not yet  surpassed  the  se lf-regulatory capacity  of the 
North Sea ecosystem.
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T able  4. North Sea fish: m ean  trophic level of nom ina l  catch, nom inal  total c a tc h ' ,  and  p lan k to n  feeders  as % of total catch
dur ing  1947-1977

Year M ean  trophic level 
of nom inal  catch

N om inal  total 
catch (tonnes)

P lank ton  feeders  as % 
All spec ies  H err ing

of total catch
Others

1947 3.68 1431061 70.7 69.1 1.6
1948 3.64 1726524 77.1 74.8 2.4
1949 3.65 1460944 75.7 72.4 3.3
1950 3.64 1489777 77.2 74.3 2.8
1951 3.64 1655838 77.3 73.7 3.7
1952 3.65 1590943 75.7 72.0 3.7
1953 3.64 1677671 76.3 72.2 4.0
1954 3.65 1783586 76.9 72.7 4.1
1955 3.64 1973448 77.3 71.5 5.8
1956 3.64 1971920 76.8 69.2 7.6
1957 3.68 1752539 71.1 59.8 11.3
1958 3.71 1506256 66.3 53.4 12.9
1959 3.68 1677000 70.6 53.9 16.7
1960 3.67 1479337 69.9 53.5 16.5
1961 3.70 1450900 66.3 50.6 15.7
1962 3.62 1621683 74.1 44.4 29.7
1963 3.64 1824794 72.1 47.3 24.8
1964 3.68 1842527 65.3 46.5 18.8
1965 3.68 2499462 69.0 51.9 17.1
1966 3.69 2841482 66.8 37.6 29.2
1967 3.65 2944329 73.8 27.9 45.8
1968 3.66 3275535 73.0 26.0 47.0
1969 3.74 3147632 55.7 23.1 32.7
1970 3.76 3039113 51.6 24.7 26.9
1971 3.73 2867992 60.7 22.5 38.2
1972 3.73 2858888 60.8 21.2 39.7
1973 3.69 2910990 66.0 20.6 45.4
1974 3.65 3379222 68.7 9.7 59.1
1975 3.62 3190710 70.8 9.0 61.8
1976 3.70 2438713 60.1 5.0 55.1
1977 3.63 2674831 68.9 1.7 67.3

Average 3.67 2193085 69.8 45.6 24.2

' C a lcu la ted  from ICES Bulletin Sta tis t ique and  nom ina l  land ings  officially reported  to ICES
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