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A STANDARD APPROACH TO BIOMASS ESTIMATION FROM BOTTOM TRAWL 
SURVEYS 

R.I.C.C. Francis 

1. INTRODUCTION 

There is an unfortunate diversity of approach in the trawl survey literature: a range of meanings 
has been attached to such terms as 'catchability' and 'vulnerability'; it is not always clear which 
meaning is intended in any particular usage; and important assumptions (e.g. concerning area 
swept) are often unstated (Hurst, 1988). 

The aim of this document is to provide a standard MAFFish approach and terminology for the 
analysis of biomass bottom trawl surveys. It is hoped that what follows will be sufficiently 
explicit to encourage a full and uniform statement of assumptions made, but hexible enough to 
allow variations in approach suggested by information relating to a particular species or survey. 

Since the theory of sample survey design, and the practicalities of trawl surveys are outside the 
scope of this document, terms like 'stratum' and 'distance towed' are not defined here. 

2. RECOMMENDATIONS 

In al l  stock assessment papers that include biomass calculations from trawl surveys, 

(a) the area swept should be defined in terms of the distance between trawl doors (see 
below), 

(b) there should be specific mention made of the three factors modifying biomass estimates, 
viz., vulnerability, vertical availability, and areal availability, and 

(c) all terms used should be consistent with the following definitions: (in what follows 'fish' 
is understood to apply only to the species for which a biomass is estimated) 

Survey area: The area within which random stations are distributed. 

Population area: The area for which it is intended to estimate biomass. Known areas of 
foul ground and areas too deep to fish are examples of areas inside the 
population area but outside the survey area. 

Headline height: The average height of the headline above the groundrope as measured, 
e.g., by a netsonde. This measurement should be made at the midpoint 
of the headline. Towards the ends of the headline its height above the 
groundrope may be less. 

Area swept: For each tow this is the rectangular area of sea floor swept by an 
imaginary line joining the trawl doors. The width of the area is the 
(average) distance between the doors; its length is the distance towed. 

Volume swept: The volume of water above the area swept and of height equal to the net 
headline height. 

Vulnerability: Of the fish in the volume swept, the average proportion (by weight) that 
are caught. 



Vertical availability: 

Areal availability: 

i 

Of the fish in the survey area at the time of the survey, the proportion 
(by weight) that are available to the net, i.e. whose distance from the: 
bottom is less than the headline height. In some cases it may be 
preferable to apply this concept separately to each tow. Vertical 
availability is then the proportion of fish above the area swept that are in 
the volune swept. 

Of the fish in the population area, the proportion (by weight) that is in 
the survey area at the time of the survey. In some cases it may be 
appropriate to specify a different areal availability for each stratum (see 
below). 

Suggested notation for the three terms modifying biomass calculations is: 

vulnerability - v 
vertical availability - u, 
areal availability - u,. 

COMMENTS 

The recommendations on trawl survey analyses are derived from those of Hurst (1988), 
who gives considerable evidence supporting the use of doorspread in calculating area 
swept. It is believed that this approach will result in no loss of flexibility, but will 
ensure that all assumptions are stated explicitly. For example it is often tacitly assumed 
that there were no fish ;above the headline; this assumption should now be stated as 
'vertical availability = 1'. If, for a particular species, it is believed that there is no 
effective herding by the doors and sweeps then this should be stated and the 
vulnerability set accordingly. For example, if the door spread is 3 times the wingspread 
then the vulnerability should be set at 0.33. 

The aim of the above definitions is to provide a standard terminology within MAFF'ish. 
It should not be expecte:d that these definitions will agree with those used elsewhere. 
The term 'catchability' has been avoided here to avoid confusion with its classical 
usage, in which it is denoted q and defined as the fraction of a fish stock which is 
caught by a defined unit of fishing effort (Ricker, 1975). 

It is recognised that any practical definition of volume swept is, to some extent, 
arbitrary. Since nets arc: typically higher at the centre of the headline than at its ends, 
and since some species are believed to be herded down from above the headline by the 
warps, the chosen definition only approximates the truth. Little is known of the 
effective height of the gear between the doors and the wingtips. However, the gear 
certainly sweeps a volwne something like that defined above; how effectively it does so 
for any particular  specie:^ is expressed by the vulnerability. 

The vertical availability texm only accounts for fish above the headline. If fish are 
believed to escape below the footrope this should be taken into account by lowering the 
vulnerability. 
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4.1 If there is a single value of each parameter then 

4. EQUATIONS 

The form of the equation used to calculate biomass from trawl survey data will depend on how 
the vulnerability and availability parameters are treated. In the simplest case each of these 
parameters would have a single value for each survey. However, it is possible to use a 
different value for each station or stratum. The following examples illustrate the more common 
approaches that may be used. 

where Ci = the mean catch rate (tonnes per unit area) and ai = the area of stratum i 
inside the survey area. 

If the population area, A, is bigger than the survey area, a, and if it is assumed that 
mean fish densities in the population area are the same outside the survey area as inside 
it, then u, = d A .  - 
If, alternatively, it is assumed that r% of the fish in the population area are in the 
survey area at the time of the survey, then ua = r1100. Similarly if it is assumed that 
only s% of the fish in the survey area were below the headline of the net then 
u, = s/lOo. 

4.2 It may be desirable to have a separate areal availability figure for each stratum. In this 
case 

where uai is the areal availability for stratum i. 

For example, if it were believed that fish densities on foul ground were similar to those 
on adjacent clear ground, then uai = ailAi, where ai is as above and Ai is the area of the 
population area inside stratum i. If, alternatively, densities on foul ground were 
considered to be k times those on adjacent clear ground then uai = aj(ai + k(Ai - aJ). 

4.3 Echo sounder data may be used to produce a separate vertical availability value for each 
station. In this case 

Ci = (llni) Cl(Ci. uvi.) and 
Biomass = [ll(uav)] f ,al k 

where Cq and uvy. are the catch rate (tonnes per unit area) and vertical availability for 
station j m stratum i, and ni is the number of stations in stratum i. 
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