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Abstract

Catchability coefficients (q) as derived from the relationship between indices of catch per unit
of effort (CPUE) and average exploitable biomass were positively correlated with indices of
technological changes in the fleets fishing for the major groundfish stocks off the east coast of
Canada. There was no evidence of correlation of q with abundance indices from research-vessel
survey data. It was therefore concluded that the increase in q observed in the mid-1970s was a
result of improved technology by the vessels involved. This was further substantiated by the
relative change in the proportion of the total effort expended by the large vessels in the fleet over
the period examined and the corresponding larger CPUE of these vessels relative to the remainder

of the fleet.

Introduction

Relationships between time series of fishing mor-
talities and fishing effort have frequently been used by
the International Commission for the Northwest Atlan-
tic Fisheries (ICNAF) and the Northwest Atlantic
Fisheries Organization (NAFO) in the past to estimate
the fishing mortality in the final year of sequential pop-
ulation analyses when assessing the status of marine
fish stocks and providing advice to fisheries managers
(NAFO, 1980a). The commonly used relationship is
assumed to be linear and is expressed as:

F = of

where F = instantaneous fishing mortality,

f = total annual fishing effort expressed in some
standard unit

and q = a proportionality constant.

However, in recent years this relationship has been
superseded within NAFO by the relationship between
catch per unit of effort (CPUE) and exploitable biomass
because, unless a large proportion of the effort is actu-
ally measured rather than merely calculated from the
ratio of the catch to a standard CPUE, the relationship
between F and fishing effort can be fortuitous (Pinhorn,
MS 1986). This relationship between CPUE and stock
biomass is commonly expressed as:

CPUE = gB

where CPUE = catch per unit of effort expressed in
some standard unit,

B = exploitable biomass of fish

and g = a proportionality constant, referred to
in this paper as catchability coefficient.

Because this relationship has been widely used
within NAFO under the linear assumption, it is instruc-
tive to consider the validity of this assumption and to
investigate temporal trends in catchability for some of
the major stocks.

Materials and Methods

Data used in these analyses were derived from
sequential population analyses performed at the time
of the 1985 assessments of the various stocks within
mandates of NAFO and the Canadian Atlantic Fisheries
Scientific Advisory Committee (CAFSAC) (Table 1).
Stocks in this paper are identified by the NAFO Division
or combination of Divisions which they occupy (e.g.
3LNO American plaice is the American plaice occupy-
ing NAFO Divisions 3L, 3N and 30). Although the last
year of input data in these sequential population ana-
lyses was 1984, biomass estimates for 1980 and preced-
ing years only were used because the output values for
the most recent years of sequential population ana-
lyses are heavily influenced by the input values of the
last year, which can be subject to significant error
(Pope, 1972). Average biomass figures used in the cal-
culation of q for each year (B,) were derived for each
stock according to the formula of Rivard (1982) as

follows:
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Fig. 3. Regressions of indices of catchability coefficient (q) and
abundance combined over all stocks considered. See text for
explanation of method of combining q and abundance
indices over stocks and significance of different first ages.

Guiland (1964) identified a number of factors con-
tributing to such variations in q with time, the major
ones.being changes in abundance of the fish being
targetted and changes in fleet technology.

Changes in catchability coefficients and their rela-
tionship to stock abundance have been demonstrated
for many pelagic fisheries. Winters and Wheeler (1985)
reviewed literature on this subject and pointed out that
q has been shown to be inversely related to stock abun-
dance. Studies are cited for herring stocks (Pope, 1980;
Ulltang, 1980; Jakobsson, 1980; Anthony and Waring,
1980), as well as for other pelagic stocks including
Atlantic menhaden (Brevoortia tyrannus) (Schaaf,
1980), Pacific sardine (Sardinops sagax caerula) (Mac-
Call, 1976; Radovich, 1979), northern anchovy
(Engraulis mordax) (Radovich, 1976), and Peruvian
anchovy (Engraulis ringens) (Csirke, 1980). They also
noted that published literature on changes in catchabil-
ity coefficients for groundfish species and their
response to changing abundance, is scanty. Houghton
and Flatman (1980) demonstrated a significant inverse

power relationship between catchability coefficient
and stock biomass for North Sea cod but not between
catchability coefficient and stock numbers. Pope and
Garrod (1975) showed that for both Arcto-Norwegian
and West Greenland cod, q increased as stock size
became smaller and concluded that this resulted from
real changes in stock availability.

Changes in g with changes in stock abundance can
be mediated in at least three ways; firstly, for species
like cod and haddock, it is possible that at high levels of
stock abundance a larger proportion of the stock is
above the headline of the trawl, whereas below some
level of abundance the fish are more apt to stay nearthe
bottom. Below this abundance level, a larger propor-
tion of the fish may be caught in each trawl haul result-
ing in a higher q for the fleet as a whole.

Secondly, at lower levels of stock abundance, spe-
cies may occupy a smaller area as suggested by Win-
ters and Wheeler (1985) and thus a larger proportion of
them may be caught by the gear. This would be particu-
larly applicable again to species like cod and haddock,
which tend to aggregate in particular areas at certain
seasons (e.g. at spawning). The density of these aggre-
gations may not decline as fast as the abundance ofthe
stock as a whole, thus leading to higher values of q at
low stock sizes.

Thirdly, the area over which the fishing effort is
deployed may decrease with decreasing stock size (i.e.
fishing intensity may increase) so that a given CPUE
will remove a larger proportion of the biomass at lower
levels of stock abundance than at higher levels.

In the present study, changes in g were in general
not correlated with changes in stock abundance.’

Changes in vessel technology can also influence
catchability of fish and can take the form of improved
navigational and fish detection equipment, increased
size of vessels and increased power. All of these factors
can influence the amount of fish caught per unit of
effort. These technological changes are poorly docu-
mented and no known detailed data base exists to ana-
lyze their effects. In the present analysis, GRT per
vessel and BHP per vessel were used as indices of
changes in technology. Increases in either or both of
these would allow the vessel to tow a larger net, thus
catching more fish per hour towing, resulting in
increases in q. Significant correlations were in fact
demonstrated between BHP and q for all the ground-
fish fisheries studied in Subareas 2-4. Values of q
increased as the average BHP per vessel in the fleet
increased from 1959 to 1974 with the advent of the large
eastern and western European trawlers. Values of q
decreased after 1974 with the imposition of total allow-
able catch (TAC) regulations and more importantly
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Fig. 4.

Regressions of (A) catchability coefficient (q) and brake horsepower per vessel, (B) catchability coefficient (q) and

gross registered tonnage per vessel and (C) brake horespower and gross registered tonnage per vessel for some of
the major groundfish stocks in the Northwest Atlantic. See text for explanation of method of calculating brake
horsepower and gross registered tonnage per vessel and of combining q over stocks.

with the extension of Canadian jurisdiction and the
decrease in number of large European trawlers inside
the 200-mile zone after 1977. The dual regression lines
in Fig. 4C would imply, however, that the countries
retained their most powerful vessels in the area after
1977.

Although catch and effort data are not available by
BHP categories, because BHP and GRT were shown to
be strongly correlated (Fig. 4), catch and effort data
from ICNAF/NAFO Statistical Bulletins for the years
1970-84 (ICNAF, 1970-78; NAFO, 1979-84) were used
to investigate the trends in relative catch rates and
proportion of effort exerted by vessels of various ton-
nage categories throughout this period.

Catch rates of trawlers >1800 GRT were shown to
be higher than those for all other tonnage categoriesin
every year, while catch rates for trawlers 901-1800 GRT
were generally higher than those for trawlers 501-900
GRT and 151-500 GRT, except for the last 2 years (Fig.
5). Similarly, catch rates for trawlers of 501-900 GRT
were higher than those for trawlers of 151-500 GRT.
Thus, a unit of effort by larger vessels would remove a
larger proportion of the biomass than the same unit by
smaller vessels, resulting in a higher q value for larger
vessels.

The proportion of the total effort exerted by
trawlers >1800 GRT increased steadily from 1970 to
1975 and declined rapidly thereafter (Fig. 5). The pro-
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Fig. 5. Trends in catch rates and proportion of effort expended by
otter trawlers of various tonnage classes in NAFO Subareas
2-4, during 1970-84.

portion for trawlers of 901 -1800 GRT declined steadily
throughout the period, while that for trawlers of
501 -900 GRT increased sharply after 1975 and steadily
thereafter to 1982. The proportion for trawlers of
151 -500 GRT declined until 1974 and then increased to
a stable level in 1975 -84.

These trends in the proportion of effort exerted by
vessels of various tonnage classes coupled with the
relative catch rates of vessels in these tonnage catego-
ries would be expected to contributeto theincreasesin
q experienced during the 1970s. Improvements in tech-
nology, which likely were greatest in vessel >1800
GRT, would have accentuated these increases.

It is therefore concluded from these analyses that
the catchability coefficient for the major groundfish
stocks in the Northwest Atlantic Ocean changed signif-
icantly during the 1970s and that this change was
correlated with changes in vessel technology and the
proportion of effort represented by trawlers >1800
GRT. Changes in catchability coefficient were not
correlated with changes in stock abundance. These
changes in catchability coefficinet emphasize the cau-
tion necessary in using catch and effort datain ground-
fish stock assessments. These data are commonly used
to tune sequential population analyses by fitting linear
regressions to CPUE and exploitable biomass, assum-
ing a constant ratio (catchability coefficient) between
these variables over the time series of data used. From
these regressions a fishing mortality and hence a stock
size in the current year is estimated. If there are trends
in catchability coefficient over the time series such as
those demonstrated here, stock size estimates for the
current year, on which advice on appropriate levels of
removals for the following year are based, can be
biased.
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