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In th e  last few  decades, fisheries scientists have increasingly 
w arned  th a t m any fish stocks are being fished too hard. 
Som etim es th e  advice has been  heeded, o ther tim es it has 
not and entire fisheries have collapsed -  as happened  w ith  
th e  cod fishery on th e  Grand Banks.

W henever scientists have to  m ake gloom y predictions about 
th e  fate o ffish  stocks, questions always arise about how  
th e y  arrived at th e ir  figures and w here th e  data  comes from. 
In th is  leaflet w e explain how  fish stocks are assessed in 
th e  N ortheast A tlantic and hopefully give a flavour of the  
am oun t of w ork th a t goes into th e  sc ien tists’ stock estim ates.

So how do scientists know how many 
fish there are in the sea?

The first point is th a t scientists don’t  try  to  count every 
single fish in th e  sea, as th a t w ould be im possible. Instead, 
th e y  collect as m uch inform ation as th ey  can from  th ree 
m ain  sources: from  landings at ports; from  fishers; and from  
research vessel surveys. They th e n  use these  d a ta  to  estim ate 
th e  size of com m ercial fish populations such as cod, haddock, 
and hake.

As fish are no respecter of national boundaries, scientists 
from  around th e  North A tlantic coordinate th e ir  w ork under 
th e  um brella of th e  In ternational Council for th e  Exploration 
of th e  Sea. ICES acts as a m eeting  point for a com m unity  of 
m ore th a n  1600 m arine scientists from  19 countries around 
th e  N orth Atlantic; scientists w orking th ro u g h  ICES cover all 
aspects of the  m arine ecosystem  from  m arine chem istry  to 
fish, m arine m am m als and seabirds. W orking toge ther w ith  
experts from  other nations gives scientists th e  big picture 
of w h a t is really h appen ing  in th e  sea -  ra the r th a n  just 
know ing about th e ir  ow n countries’ sea areas.

Data from fishers (logbooks, 
questionnaires and sampling 
of discards)

Research vessel surveysTotal international landings 
and market sampling

Working Groups estim ate the size of fish stocks and present exploitation rate by fishers

ACFM prepares ICES’ official advice

Independent Review Groups check figures

Assessing fish stock
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How old is a fish?

Similar to the way th a t trees lay down rings in their trunks every year, m ost 
fish  also lay down rings in their otoliths. Otoliths are the balance organs o ffish  
and are sm all bones (a fe w  m m  to 3 cm long) fo u n d  on either side o f  the brain.
Under a microscope, the rings can be counted, giving the f is h ’s age.

Pish are aged to give an indication o f  the health o f  the stock. A  broad range o f  
ages signifies a healthy stock. A  lack o f  young  fish  could mean poor spawning 
success in a particular year, and a lack o f  older fish  m ay signify overfishing.

A  fish  otolith

Top p h o to  fr o m  BAM (www.bam.dk). Otolith p icture courtesy ofFRS M arine laboratory, Aberdeen
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S C I E N T I S T S  HAVE T O  C O M P A R E  T H E I R  R ESULTS W I T H  P R E V I O U S  YEARS T O 

F O L L O W  T R E N D S ,  S O  IT IS VI TAL T H A T  T H E Y  USE T H E  S A M E  F I S H I N G  G E A R  

E ACH YEAR R A T H E R  T H A N  C O N T I N U A L L Y  I M P R O V I N G  I T. ”

Data from fishers

As well as sam pling at fishing ports, 
scientists are also out on com m ercial fishing 
boats sam pling catches, recording the 
discards -  unw an ted  fish and  o ther m arine 
life th ro w n  back overboard -  and  tagg ing  
and releasing fish to  gain an  insight into 
th e ir  travels, preferred areas and  lifespan. In 
recent years, fishers in th e  North Sea have 
also been  filling in  questionnaires recording 
th e ir  perception of th e  sta te  of key fish 
stocks; th is inform ation is considered w ith in  
th e  official advice from  ICES.

A nother store of inform ation are th e  fishers’ 
logbooks, w hich th e  scientists som etim es 
use to  w ork out how  m any  hours it took to 
catch th e  fish th e y  have landed -  so-called 
Catch-Per-Unit-Effort data. If the  am ount 
of effort to  catch fish goes up th is could 
indicate th a t fish are becom ing scarcer. 
Finally, fishing vessels are som etim es hired 
to  m ake dedicated research cruises to  add 
to  th e  findings collected on th e  sc ien tist’s 
research vessels.

Research vessel surveys

Research vessel surveys are an  essential 
source of inform ation for scientists and a 
vital cross-check to  th e  figures gathered 
from  th e  in ternational landings and from  
sam pling onboard fishing boats. On research 
vessel surveys, scientists sam ple both 
dem ersal (bottom-living) fish such as cod, 
haddock, hake and  plaice; and pelagic (living 
in th e  w a te r column) fish such as mackerel 
and herring.

To sam ple fish on or n ear th e  seabed -  such 
as cod or haddock -  scientists use bo ttom  
traw ls in th e  sam e w ay th a t fishers do. But 
th e n  th e  sim ilarity  blurs. W hereas fishers 
ta rg e t ho tspo t areas and  continually try  
to  upgrade th e ir  fishing gear to  m axim ize 
the ir catch, fisheries scientists have a 
different in tention. They don’t  w an t to 
m axim ize th e ir  catch bu t instead collect a 
representative sample, a snapshot of th e  fish 
in an  area. They also have to  com pare the ir 
results w ith  previous years to  follow trends, 
so it is vital th a t th e y  use th e  sam e fishing 
gear each year ra ther th a n  continually 
im proving it.

The Irish Research vessel RV Celtic Voyager (foreground) and  the  French research vessel RV Thalassa (background) on a jo in t survey  
Photo courtesy o f  the  M arine Institute, Ireland

Using the  GOV trawl to  sam ple fish  in th e  ICES area. Photo b y  H enk Heessen, RIVO

To bring order to  th e  fish-sam pling process, 
ICES divided th e  N ortheast A tlantic into a 
grid of rectangles of i degree of Longitude 
by 0.5 degrees of Latitude. Scientists pick 
random  points w ith in  each rectangle and 
traw l for a standard  period, usually  half an 
hour, to  collect a sample. Each year virtually  
every ICES rectangle in w aters shallow er 
th a n  300m  is sam pled in th is way. In key 
areas such as th e  North Sea, each rectangle 
will be sam pled a num ber of tim es -  a 
m assive in ternational effort.

The biggest, and longest running, bottom
traw l survey is th e  ICES International
Bottom Trawl Survey (IBTS) w hich focuses
on th e  N orth Sea. The survey takes place in
spring and au tu m n  and involves research
vessels from  Denmark, England, France,
Germany, th e  N etherlands, Norway,
Scotland, and Sweden. W orking th rough
ICES, countries have agreed to  traw l sections
of th e  N orth Sea using  th e  sam e standard
traw ling  gear. In a typical year, th e ir  vessels
spend a to ta l of m ore th a n  300 days at sea
on th e  IBTS survey, m aking m ore th a n  800
sam pling traw l hauls. To bring order to the  fish-sam pling process, ICES divided the  N ortheast Atlantic

into a grid o f  rectangles ofii degree o f  Longitude by  0 .5  degrees o f  Latitude

Trawl surveys

One o f  the main trawls used fo r  bottom  trawl survey work is the GOV trawl which is used to collect data on 
the major demersal species: cod, haddock, whiting, Norway pout, and saithe. The n e t also samples some o f  the 
main shoaling or pelagic species including herring and mackerel. The design and operation o f  the GOV trawl is 
coordinated by ICES, and all countries involved in the International Bottom  Trawl Surveys in the North Sea use 
the GOV trawl with an internationally-agreed specification. For surveys o f  fla tfish  species, such as plaice and 
sole, the main gear used is the beam trawl. The beam trawls used in surveys are based on the commercial beam  
trawls used by fishers.

m w w r n



“ t h e r e  a r e  a l s o  s u r v e y s  f o r  d e e p s e a  f i s h  a n d  e v e n  s u r v e y s

U S I N G  V I D E O  C A M E R A S  T H A T  ARE T O W E D  A C R O S S  T H E  S E A B E D  T O  

C O U N T  N E P H R O P S . ”

Collecting data on  Nephrops. Photo courtesy o f  th e  M arine Institute, Ireland.

M easuring fis h  on  a research vessel. Photo courtesy o f  th e  M arine Institute, Ireland.

As well as surveying adult fish, scientists 
also sam ple fish in th e  early stage of the ir 
lives. M ost com m ercially im portan t fish, 
such as cod, mackerel, etc. spend th e ir  early 
life stages as eggs and th e n  larvae, floating 
around in th e  plankton. To sam ple them , 
scientists to w  very fine m esh nets across 
huge areas of sea and record the  num ber of 
eggs and larvae th ey  find. Since th e  num ber 
of eggs and larvae is proportional to  the  
num ber of adult fish th a t produced them , 
scientists can count th e  eggs and larvae of 
fish -  such as mackerel and herring  -  and 
th ey  have yet ano ther w ay  of estim ating 
adult fish population sizes.

“ . . . A C O U S T I C  S UR VE YS  T E N D  T O  F O C U S  O N  P E L AGI C  F I S H  S U C H  AS 

H E R R I N G ,  SP RAT,  C A P E L I N ,  MACKE REL ,  S A R D I N E ,  A N D  A N C H O V Y . ”

After th e  IBTS survey, scientists pool the ir 
data  toge ther and, like piecing together a 
g iant jigsaw  puzzle, th ey  are able to  get an 
overview of the  yearly rise and fall offish  
populations in th e  North Sea. The IBTS survey 
has proved to  be so valuable th a t since 1997, 
it has been extended to  include w in te r 
surveys dow n th e  w est coast of UK and 
Ireland and dow n th rough  th e  Bay of Biscay 
to  G ibraltar -  a huge undertaking.

O ther big surveys include: th e  Demersal 
Young Fish Survey w hich ta rge ts plaice, sole, 
and brow n shrim p along th e  North Sea coast 
and involving m ore th a n  1000 hauls a year; 
and the  North Sea Beam Trawl Survey (BTS), 
w hich sam ples plaice and sole and involves 
up to  60 days and m ore th a n  280 hauls a 
year. There are also surveys for deepsea 
fish and even surveys using video cam eras 
th a t are tow ed across the  seabed to  count 
Nephrops -  com m only called N orway lobster 
or Dublin Bay prawn.

Scientists also use sound to m onitor fish 
stocks and, in particular, pelagic stocks. 
Research vessels run  survey tracks all over 
the  N ortheast A tlantic using sophisticated 
echosounders th a t fire a pulse of sound 
into the  w ate r and detect th e  presence 
and size offish  schools from  the  return ing  
echoes. Because it is difficult to accurately 
distinguish all fish species from  th e  seabed, 
acoustic surveys tend  to  focus on pelagic 
fish such as herring, sprat, capelin, mackerel, 
sardine, and anchovy. But th e y  are also used 
to  survey fish such as cod w h en  th ey  leave 
the  seabed, for instance in th e  N orwegian 
and Barents Seas w here cod often leave the ir 
usual seabed habitat, particularly a t night.

After m any years of acoustic surveying, 
scientists have a good idea of th e  kind of 
echo the  different species give; but to  double­
check th ey  also do sam ple traw ls to  check 
the  fish th a t the  acoustic gear has found.
As an  exam ple of th e  effort th a t goes into 
these  surveys, th e  North Sea herring  acoustic 
survey involves research vessels from  more 
th a n  6 countries spending a com bined to ta l 
of over 80 days at sea and m aking over 150 
sam ple trawls.



Turning raw data into advice
After painstakingly collecting thousands 
of records offish  from  all over th e  North 
Atlantic, the  next step for scientists is to  use 
m athem atical models to  transform  these 
records into fish population estim ates. Models 
such as V irtual Population Analysis (VPA) 
play a key role in th is com plex task. The idea 
behind th is  type of model is to  back-calculate 
th e  size of a fish stock from  th e  num bers and 
ages offish  th a t have been caught.

To make th e  population estim ates, the 
countries involved in each fishery send the ir 
scientists to  ICES W orking Groups, w hich focus 
on fish stocks in particular regions such as 
th e  Arctic or North Sea. At th e  Working Group 
m eetings, the  experts pool the ir inform ation 
on the  stocks, run  the  m athem atical models, 
and com pare the  results to  the ir knowledge 
of the  stocks. As well as m aking population 
estim ates th e  Working Groups also make 
catch forecasts at different levels of fishing 
intensity.

The next stage is th a t th e  W orking Groups’ 
stock estim ates and forecasts are checked 
by  independent Review Groups. The Review 
Group com m ents and Working Group reports 
are th e n  passed on to  the  ICES Advisory 
Com m ittee on Fishery M anagem ent (ACFM). 
This Com m ittee com prises scientists from 
each of the  ICES m em ber countries and the ir 
job is to  tu rn  the  estim ates and forecasts into 
th e  official ICES advice.

The ICES advice comes out every May and 
October w hen  it is given to  the  European 
Commission, other Commissions such as 
IBSFC1, NASCO2, and NEAFC3, and to the 
governm ents of th e  19 countries th a t are 
m em bers of ICES.

In the  advice, ICES’job is to  stick to  th e  biology. 
It is th e n  th e  Commissions and governm ents’ 
role to w eigh up th e  social and economic 
im plications of th e  biological advice.

1 International Baltic Sea Fishery Commission
2 North Atlantic Salmon Conservation Organisation
3 North East Atlantic Fisheries Commission

Photo courtesy o f  th e  M arine Institute, Ireland

I CES BASES ITS AD VI C E  O N  T H E  P R I N C I P L E  T H A T  T H E R E  S H O U L D  BE E N O U G H  F I S H 

LEFT IN A S T O C K  -  A F T E R  F I S H I N G  A N D  D E A T H S  O F  F I S H  F R O M  N A T U R A L  C A U S E S  -  

T O  S P A W N  A H E A L T H Y  N E W  G E N E R A T I O N  T H E  F O L L O W I N G  YEAR. ”

What’s in the advice?

ICES bases its advice on the  principle th a t 
the re  should be enough fish left in a stock 
-  after fishing and deaths offish  from  natural 
causes -  to  spaw n a healthy  n ew  generation 
th e  following year. W ith th is in m ind ICES 
has set m in im um  levels below  w hich stocks 
should not be allowed to  fall.

There are tw o benchm arks: one called the 
biom ass lim it (EW) and the  o ther called 
th e  precautionary biom ass lim it (Bpa). The 
biom ass is the  to ta l w eight of fish in the  fish 
stock.

The biom ass lim it is the  low est level th a t a 
stock should be allowed to fall to. Below th is 
level th e  stock is so small th a t th e  num bers 
of young fish th e  adults are capable of 
spaw ning is likely to  be seriously reduced. 
This m eans th a t th e  fu ture of th e  stock is in 
jeopardy, and in a w orst-case scenario it m ay 
never recover to  its form er levels.

Estim ating the  biom ass of any fish stock is 
always uncertain  and th is is also the  case 
w h en  scientists estim ate the  biom ass limit. 
To allow for th is inheren t uncerta in ty  and to 
keep the  stock well aw ay from  th is danger 
zone, ICES sets a precautionary biom ass lim it 
above th is level, as a buffer. The better the 
data  on the  stock, th e  sm aller th e  buffer zone 
betw een  the  tw o lim its needs to  be.

T H E  B I O M A S S  LI M IT IS T H E  L O WE S T

LEVEL T H A T  A S T O C K  S H O U L D  BE

A L L O W E D  T O  FALL T O

Anglerfish (top pho to ) by Erling Svensen 
Plaice p h o to  b y  Paul Kay  
Background p h o to  b y  H enk Heessen



As an  exam ple, th e  biom ass lim it of 
North Sea cod is 70,000 tonnes and the  
precautionary  biom ass lim it is 150,000 
tonnes. For a h ea lthy  stock and a sustainable 
fishery, th e  stock should be above 150,000 
tonnes. Below th is figure th e  alarm  bells 
should ring and fishing pressure should be 
reduced to  allow  th e  stock to  recover. The 
stock should definitely not be allowed to 
fall to  below  70,000 tonnes as it has done 
in recent years (see Figure 1).

North Sea herring  is currently  in a b e tte r 
state, a lthough  it has had a rollercoaster 
ride in th e  past. Back in th e  early 1960s, the  
spaw ning  stock biomass, or to ta l w eight of 
m atu re  fish, w as around 1.8 million tonnes. 
The stock th e n  crashed dow n to 47,000 
tonnes in th e  late 1970s, bu t now  w ith  better 
m anagem en t and favourable conditions 
it has recovered back up to  over 1.8 million 
tonnes in recent years (see Figure 2).
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Figure 1 sho w in g  th e  decline o f  th e  N o r th  Sea cod s to ck  to  

a level below  th e  b iom ass lim it.

*Spaw n ing  S tock B iom ass (to ta l w eig h t o f  m a tu re  fish ). 

N orth Sea herring  SSB*
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Figure 2 show ing  th e  rollercoaster h is to ry  o f  th e  N o r th  Sea 

herring stock.

*Spaw n ing  S tock B iom ass (to ta l w eig h t o f  m a tu re  fish ).

Photos by Paul K a ywww.marinewildife.co.uk

“ i c e s  a l s o  a d v i s e s  o n  t h e  e f f e c t  o f  f i s h i n g  p r e s s u r e  o n

F I S H  S T O C K S ,  I N C L U D I N G  F U T U R E  S C E N A R I O S  F O R  T H E  S T O C K  

AT D I F F E R E N T  LEVELS O F  F I S H I N G . ”

re
ICES also advises on the effect of fishing 
pressure on fish stocks, including future 
scenarios for the stock at different levels 
of fishing. This advice is complicated by 
the fact that fishers often don’t just catch 
one type of fish at a time, but many. For 
instance, bottom-trawls for cod also catch 
haddock, whiting, and other bottom-living 
fish. So w hen advising on fishing pressure, 
scientists have to take into account the 
effect of fishing on these other species. ICES 
scientists also consider the impact of fishing 
on the entire ecosystem  and, in particular, 
on non-target species such as cold-water 
corals or whales and dolphins.

To get Northeast Atlantic fish stocks onto a 
more stable footing, scientists are currently 
working w ith  managers to develop long­
term m anagem ent plans for key stocks such 
as cod. The intention is that rather than just 
m anaging stocks on a year-to-year basis and 
relying on biomass limits, there w ill be a 
longer-term goal to reduce fishing pressure 
and build stocks up to the level where they  
are thriving again.

Older fish mean more and healthier eggs

A  young  cod spawning fo r  the fir s t or second tim e will 
produce around 500,000-1 million eggs. This m ight 
sound like a lot but it is dwarfed by the fertility  o f  an 
old cod th a t m ay spawn as m any as 10-15 million eggs, 
which are not only bigger but also go on to hatch into 
stronger larvae. However, the odds stacked against a 
newly hatched cod are immense. On average, only two 
eggs out o f  the m any millions spawned by a mature  

fem a le  will develop and survive to maturity.

A  three-day-old cod larva. Photo byK jell B. D0ving

Fish stocks and climate change

Scientists agree th a t overfishing is the main cause o f  recent 
declines in m any fish  stocks in the Northeast Atlantic. But 
climate change has also added to the pressure: warmer sea 
temperatures are likely to be affecting the survival o f  eggs 
and larvae o f  cold-water species, such as cod, and m ay alter 
the distribution o f  fo o d  th a t fish  eat.

While climate change is unfortunately a wild card which can 
only be taken into account, managers can control fishing  
pressure to keep stocks healthy so they have as much chance 
as possible o f  adjusting to these changes.

http://www.marinewildife.co.uk

