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Abstract

For a number of important species in Australia,
stock assessment depends on abundance indices
derived from commercial logbook catch rates.
In most fisheries the gear used, methods em-
ployed or grounds fished have changed through
time, and changes in these factors should be
accounted for in the analysis of the catch rates.
A number of methods are available for effort
standardisation which may be classified into the
categories: (1}derivation of an abundance index
from a subset of the available data which ex-
cludes effort measures which may have varied;
(2) calculation of the relative efficiency of fish-
ing units for the adjustment of effort measures;
and (3) decomposition of fishing effort accord-
ing to the values of measured attributes. Each of
these methods have different data requirements,
and potential sources of bias and error in the
analyses are many.

Introduction

In fisheries where there are no fishery-inde-
pendent measures of abundance, the commer-
cial catchrate is commonly used as an abundance
indicator. Even for those few fisheries where a
time series of catch at age information has been
collected, either fishing effort or catch per unit
effort (CPUE) from the commercial fishery are
often used to tune age-structured population
models. In all such models the usual assumption
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is that CPUE directly reflects relative abun-
dance, or that a unit of fishing effort maintains
the same ability to catch fish through time. In
reality, for most fisheries the gear used, methods
employed or grounds fished have changed
through time leading to changes in the relation-
ship between catch rates and true abundance.
Where the nature of such factors has changed,
some form of effort standardisation s required.
A number of methods are available for such an
analysis, and the purpose of this paper is to
classify the methods into broad categories, to
investigate the data requirements for each and to
present a list of problems which may be encoun-
tered with this form of analysis.

Methods of standardisation

Thave categorised standardisation methods into
the three broad categories of subset, relative,
and statistical decomposition. Particular meth-
ods may not fall simply into such a classifica-
tion, there is some overlap between them, and
all may be used as part of a single analysis, but
this serves a useful purpose when considering
the associated data requirements,

Subset

The simplest form of effort standardisation is
the selection of a subset of the available catch
and effort data which most reflects true abun-
dance changes rather than other effects such as
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changes in the fishing power of the fishing fleet.
For example, if one or a group of vessels are
known to have fished in a consistent manner
(same areas, little gear change) overanumber of
years, catch rates for those vessels may be
selected for examination.

This commonly used method was applied
to the South East Fishery (SEF) to examine
CPUE for the 16 quota species. The current
logbook contains information from 1985 by
fishing operation by depth and position. This
allowed catch and effort by species from small
areas and depths which had been consistently
fished in all years to be used as a standardised
CPUE.

Relative standardisation

Relative standardisation methods are commonly
used to determine the fishing efficiency of fish-
ing units such as vessels or vessel classes. A
number of studies (e.g. Beverton and Holt 1957;
Haynes and Pascoe 1988) have used direct and
indirect comparisons of the fishing perform-
ance of individual vessels at the same place and
time to derive fishing power estimates without
resorting to more formal statistical methods.
This only requires information on relative catch
rates and does not require information on other
factors such as fishing gear used if it is assumed
that vessels have fished in a consistent manner
through time.

These methods provide a relative indica-
tion of individual fishing vessel performance
which are used to adjust catch rates to produce
a standardised CPUE.

Statistical decomposition

For fisheries where attributes which affect the
observed catch rate have been measured, there
are a number of statistical techniques which can
be used. Statistical methods are used to fit mod-
els incorporating the measured attributes and
the observed catch rates to quantify the effect of
the attributes on the catch rates. Examples are
ANOVA (e.g. Kimura 1980), and generalised
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linear modelling (GLM - e.g. Stocker and
Fournier 1984; Punsley 1987).

The most accepted and widely used statis-
tical method at present is the fitting of GLM
models to catch rate data (see Table 1). The use
of generalised additive models (GAM - e.g.
Swartzman et al. 1992) are a refinement of
GLM which has not been used widely to date,
but may become more accepted in future.

Data requirements

Good knowledge of the nature of the
fishery

For a researcher contemplating any form of
standardisation of fishing effort, the principal
requirement is a knowledge of which factors are
most important in influencing catch rates within
the fishery. This is usually gained by observing
the fishing operations of the industry, and by
talking to individual operators. Information of
this type may be gathered in a form suitable for
more detailed analysis - for example, a survey
was designed for the SEF which allowed indi-
vidual operators to nominate the relative impor-
tance of a number of factors which may have
affected their catch rates through time.

Logbook

Most of the information is collected primarily to
allow effort to be standardised. For fisheries on
species which range over a large area and have
cyclical behaviour patterns, CPUE will vary
according to areas and times fished. In such a
case (all of the major fisheries in Australia), I
believe that the minimum information that should
be collected would include position, depth fished,
date, time, fishing unit i.d. (e.g. vessel), search
time (particularly for pelagic fisheries) and the
catch by individual species by fishing opera-
tion. This minimum set of information allows
considerable scope for the more powerful stand-
ardisation procedures.
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Other details often collected, and varying
in importance depending on the fishery include:
skipper identification, gear configuration, in-
stalled electronic equipment, storage capacity,
crew details, towing or setting power, bait used,
local weather or sea conditions, sea surface or
fishing depth temperature, and measures of the
level of cooperation or interference between
vessels on the grounds.

Additional data

Much information is available for most fisheries
which may be collected independent to the
fishery buthaving important influences oncatch
rates. These include current market prices,
weather conditions, moon phases, el Nifioevents
and oceanographic conditions. Where such fac-
tors are suspected to have an influence, they can
be included as parameters in the statistical stand-
ardisation procedures and their effects meas-
ured.

Case studies: problems

CPUE from the fishing operations does
not reflect abundance

In some fisheries, or at certain stages of a fish-
ery, the catch rates may not indicate abundance
regardless of the standardisation carried out. An
example may be a species such as orange roughy
that forms dense predictable aggregations which
are targeted by the commercial fishery. In such
a case, if fished in a consistent manner, it is
plausible that CPUE (from such aggregations)
may remain constant as true abundance declines
to a low level. Where this is believed to be a
problem, alternative indices such as catch rates
from fish in theirnon-aggregated phase or abun-
dance estimates provided by fishery independ-
ent acoustic or egg surveys are required.
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Incomplete or inaccurate statistics

Where commercial logbook information is used,
only the landed catch is often recorded. If the
catch is graded, small fish may be discarded, or
in a multi species fishery, certain species may
not be retained. In the SEF for example, assess-
ment of the stock status for redfish is compli-
cated by a variation in the rate of discarding for
the species through the years.

Misreporting of details such as catch posi-
tion or true total catch are influenced by the
existing level of cooperation between the data
gatherers (fishers) and the analysts (managers
or scientists). This may be caused by factors
such as changing enforcement levels or changes
in management strategy from fishery input (ef-
fort) control to output (catch) control.

Where the true details of fish killed may not
be recorded by commercial operators, observers
are often used to independently collect catch
details which reflect the true impact of fishing
operations more precisely. Such observer infor-
mation may be used independently to determine
abundance indices, or may be used to make
corrections to more spatially and temporally
comprehensive commercial logbook data.

Unmeasured factors influencing catch
rate

(1) Availability

The availability of a species indicates the por-
tion of the stock which is susceptible to fishing
given consistent fishing methods. In the calcu-
lation of abundance indices it is usually as-
sumed that the entire stock or a constant portion
of it is susceptible to fishing through time,

Availability of a species may fluctuate natu-
rally according to changing environmental con-
ditions which could result in a change in

Australian Sociely for Fish Biology Proceedings




schooling , feeding, migration or spawning be-
haviour. In some cases a correlation can be
found between abundance and a measurable
environmental effect such as el Nifio. Such a
correlation is difficult to prove absolutely as the
causative mechanism is not usually understood
in detail. For fisheries such as Australian jack
mackerel, availability does fluctuate but the
cause is unknown at present. To statistically test
correlation between availability and measured
environmental conditions with a reasonable
degree of certainty, a long time series of abun-
dance estimates is required.

In species where availability is known to
fluctuate in a systematic but unpredictable way
due to unmeasured factors, CPUE can not be
reliably standardised to provide an index of
abundance. In such cases, age-structured popu-
lation models are required to provide informa-
tion on the dynamics of the stock. As previously
mentioned, anindex of abundance is often needed
to tune such age-structured population models
(Catch 22). Where abundance indices show a
trend consistent with trends in fishing effort,
and without scientifically quantifiable informa-
tion on changes in availability, the conservative
approach is to attribute changes in the abun-
dance index to fishing mortality.

(2) Vulinerability

The vulnerability of a species measures how
easily it is caught given constant availability.
Vulnerability varies with the fishing methods
employed and may be caused by changes to
such things as vessel characteristics, gear effi-
ciency and fisher behaviour. If important factors
which affect vulnerability are not measured, the
quality of a calculated abundance index is re-
duced.

In the SEF, for example, kort nozzles have
been added to many vessels in recent years
which improve their towing power. Rubber roll-
ing (bobbin) gear has also been added to the
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trawl nets to allow fishing of grounds which
proved to be unfishable previously. Records of
the timing of these important changes in fishing
methods have not been collected, making inter-
pretation of catch rates more difficult. In such
cases the importance of such changes should be
recognised early and appropriate records kept.

In some cases it is difficult or impossible to
attribute changes to either availability or vulner-
ability. For example, sometimes catch rates
show consistent changes which can not be easily
explained or tied to a measurable factor. In a
number of fisheries (e.g. SEF blue grenadier,
SEF tiger flathead, southern bluefin tuna) catch
rates consistently fall at a higher than expected
rate in developing areas of the fishery. Although
unsatisfactory, the initial development period in
such cases is often excluded from catch rate
analyses.
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Table 1. Example GLM model structures

The CPUE at time period ¢ for vessel / can be characterised by the following example linear
relationships:

(a) model with simple discrete effects
log(CPUE".) =log(CPUE A log(y) + log(v) + e,

(b) model with discrete effects and interactions
log(CPUE ) = 10g(CPUE, ) + log(y) + log(v)) + log(yv,) + ¢,

(c) model with discrete effects, interactions and a continuous effect s
log(CPUE ) = log(CPUE, ) + log(y)) + log(v)) + log(yv,) + log(s ) + ¢,

where 7= 1 to number of time periods
i= 1 to number of vessels
e = aresidual error term with an assumed (often normal) distribution
y= year
v = vessel
CPUE ,, = astandard CPUE for vessel 1 in time 1

The values of y from 1 to ¢ provide the standardised index of abundance.
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