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. Intrbduction

Much of the theory pertaining to mocasurement of relative abundance in fish -
populations is based on the simple situation where, for practical purposes, but a singlo
species is invelved or, if more than one, where there is little difficulty in
distinguishing the respective amounts of fishing effort. From the standpoint of ease of
analysis it is perhaps fortunate that the large and important demersal fisheries of the
world occur in far northern latitudes, where relatively few species abound. Progressing
southward, these fisheries diminish in importance but increase in cemplexity because of
increasing numbers of species. Thus, in a genecral way, tho problem of defining offective
fishing effort ard catch-per-unit offort for individual species is a function of
latitude.

Methods of cstimating effort and catch-per-unit effort in cases where soveral
species are caught by the same gear, in cffect simultaneocusly, were the subject of a 1)
general discussion by the joint scientific meeting of ICNAF/ICES/FAO at Lisbon in 1957.
The purposc of this paper is to olaborate on some of the points raised by that meeting
and, by way of an cxamplae from the trawl fishery off the west coast of Canada, to
- demonstrate problcms which may be of common occurrence in mixed fisherics where the
‘proportions of contributing species are subject to long-term trends.

Proportions of Species in lLandings

For ono of two reasons the proportion of a cortain species in the landed catches
of trawlers oporating in a particular season within one area may range anyvhore between
0 and 100 per cent. (1) Within the arca there are variations in the amount of fishing
effort oxerted on individual fishing grounds, on each of which a different species is the
exclusive objoct of fishing, but catch records are not sufficiently detailed to make
distinctions among grounds. (2) Dotailed rocords are available for individual grounds but,
on cach, several species are simultancously accessible to the fishing gear and their
proportions vary within the scason.

In a mixed fishery, whether it consists of only two specics or a great number,
tho proportion of a particular species "X" in the landings may have o frequency
distribution comparable to any one of the curves in Figure 1 (attached). Curve A
represents a situation whore "X" is fished largoly to tho exclusion of othors (because
of overvhelming predominance or market preference{ while Curve G represents tho opposite
extrceme.

Catch and Effort Qualification

If a distinet break in the froequency distribution of tho proportion of species "X
in the landings is lacking, an arbitrary decision is required in selecting trips which
qualify for inclusion in cstimation of catch-per-unit offort and of ecffcetive fishing
offort. If tho distribution woro of Typo D it mipght be sufficient to use data for all
trips in which "X" amounted to say 6o per cont or more of the total fare landed. However,
a critical point here would be whether or not the Type D distribution romained constant
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from year to year. If the abundance of "X", relative to that of othor species, changes
(or, if for economic reasons fishing efforts shifts to othor species) then year-to-ycar
cstimates of catch-per-unit effort tased on the same arbitrary limit of qualifying catch
(and effort) will be biased.

As o stock of species "X", with o Typo D distribution, dcclines in abundance
relative to other spocies, there will be a shift in the direction of a Type E distribution.
Catch-per-unit cffort based on data qualifying at the 6o por cent threshold would under-
estimato the change in abundancs which occurred during the transition from Type D to
Iypo B. On the other hand, if a low threshold of catch qualification, say 20 per cent,
wore usced to caleculate catch-per-unit effort in the transition from Type D to E, then
the decline would be overestimated. As mentioned in the report of the Lisbon mecting,
such limiting values - biased in known dircection - may between them define catch-per-unit
effort with sufficient accuracy.

The foregoing remarks have dealt with an hypothetical situation which, as far as
nixed demorsal fisheriecs arc concorncd, is of only mocderats complexity. By way of an
actual cxomple, it is irstructive to consider & casc where the proportion of a species
in the landings has a Type E distribution initially and, as its abundance relative to
othor specics declines, the distribution shifts to Type G.

Changes in Abundancoe of Petrale Solo

Ine following information is abstracted from a manuscript by Ketchen and
Forrester (in preparction for publication) which deals with the population dynamics of
the petrale solo:

(a) The petralc solc (Eopsetta jordani) is one of several important species of
flounders fished by trawlors alcng the weat coast of North Amorica. Tagging has
demonstrated the existence of a morc or less indepondent stock on the continental shelf
off the southvicst coast of Vancouver Island betucen 48°30° and 49°20! N.Lat. The stock
is fished jointly by Conodian and United Statses trawlers, mainly in the spring to autumn
months. The general area cccupied by the fishery at that time of yeor is about
1,000 square nmiles, but the actual fishing grounds are considerably more concentrated.

(b) Canndian londings from this arco consist of a score of speccies. However, as
o rule, two or sometimes throe species (not always the samc ones) account for more than
50 per cent of the annual removal.

(c) Information on Canadian catch and fishing effort has becn obtained by routine
interviews with vessel skippers at the time of landing. Catch-por-unit effort of
petraloc solc has beon based on tho performance of a group of trawlers of lo to 49 G.T.
(averaging about 30 G.T.), employing what is known as single gear (a single towing worp
with bridle to the otter-boards). The composition of this fleet remained virtually
unchanged between 1948 and 1960, the poriod selected for the presoent study. The amalysis
of catch-por-unit coffort has becon further restricted to the months of May through August,
for purposes of ycar-to-yecar consistoncy.

(d) Although records for the early years of the fishery (1938 to 1945) are only
fraogmentary, relative abundance of potrale sole apparently declined during that poriod.
It rose after 1045 to a sccondary peak in 1948 with the recruitment of several

- exceptionally strong year-classes. Thereafter, as a result of sharply declining

recruitment, averago size and age in the catch increased noticeably. Catch, as well as
catch-per-unit effort, declined from 1948 through 1955. Though the market remained
strong for potrale sole, it improved for other species. In the poriod 1948-50 about
35 per cont of the Canadian catch from the study area consisted of petrale sole. By
1964-566 it had declined to 9 per cent, a position of only incidental importance in the
fishery.




Figure 3 shows the trend in frequency of potrole sols landings by four
arbitrary categories:~ Group I - landings containing 55 per cent or more of that
species, Group II - 4o per cont or more, Group III - 25 per cent or more, and
Group IV - lo por cont or more. Betwecen 1948 and 1950 about 20 per cent of ths
landings belonged to Group I. By 19556 nonc was in this category and none has re-
appeared in years since. Groups II and III diminished to zero in 1966, but
re~appearcd in subsequent years. Group IV porsisted throughout the period of study,
but oven at this low level of composition it diminished to o mere 12 per cent of
the landings in 1956 and 14 per ccnt.in 1957, ’ -

8. Estimates_of_catch-per-unit_offort

Figure 4 shows five estimates of average catch-per-unit effort based on
various thresholds of catch qualification. Curve I was calculated from the catch and
effort data portaining to tho Group I landings of Figurs 3. Similarly, Curves II,
III and IV apply to landings of Groups II, III ard IV. Curve V was obtained by
dividing the total landing of peotrale sole by the effort of all vessels, excluding
those which had O per cent of that specios in their landings. This curve is
virtually identical to ono based on all fishing effort. :

The limiting effects of high and low thresholds of catch qualification on the
tronds in catch~por-unit effort are difficult to discorn, partly bocause of the
complication of sharp changes in availability (most ncticeable in 1951). However,
the main factor is the decreasing relinbility of the data, beginning in the carly
195015, As potralo sole abundance declined, catch-per-offort indices based on high
thresholds (data from Groups I and II) becamc morc and more subjcct to sampling error.
Usable information on theso groups diminished rapidly and ceased to exist after 1955.

In Curves II, III, IV and V of Figure 4, the not change (decrcose) in catch-
per-unit offort from 1948 to 1954, oxpressed as a percentago of the value in 1948,
was 37, 52, 56 and 63 por cent, respectively. This accords with® theoretical
expectation, namely, under-estimation of the decline at high throsholds and over-
estimation at low thresholds. Preswnbly tho true net change lies somewhere betwoen
thoe oxtremes of these porcentages.

Clearly, if a working basis wore required for other analyses (c.g., obsorvation
of changes in age structure, mortality rates, etc.) tho first criterion for selesction
of a particular series of catch-per=-cffort data is continuity. This lcaves o choice
between Curves IV and V in Figure 4. Anothor criterion is stability. For a rolatively
long-lived specics such as the petrale sole (average age in the catch ranges boetwosn 7
and 9 ycars), a sharp fluctuation in catch-per-cffort, such as depicted by Curve IV
botweon 1956 and 1958, cannot be regarded as a valid reflection of changes in
abundance. In this particular casc it is the result of a chango in availability and/or
sompling orror in the small amounts of usable data. Thus, the sclection of o working
basis for describing changes in rolative abundance devolves upon Curve V, notwith-
standing tho possibility that it overstatos tho decline.

A factor vhich conceivably could have counterbtalanced this bias is a long-
tern improvement in gear officiency. The tonnage composition of the flect used as
standard remained cssentially unchanged throughout the study period and most, if not
all, of the vessols wore oquipped with depth rocordors and radio direction finders
by 1948. More advanced navigational aids such as radar and LORAN wore not adopted
until aftoer 1958 and then only by onc or two vessels. However, doubtless there were
subtle improvements in trawl gear design, improvements in fishermen's knowledge of
the fishing grounds and of the habits of the fish they were accustomed to pursuing.
These foactors would have the effcet of under-estimating a true dowrmward trend in
catch-por-unit effort.

Conclusion

To the cxtent that the decline in catch-per-unit effort was duo in large
part to o decline in rocruitmont the foregoing example is perhaps an umisual onc.
However, whother the decline be due to recruitment or to sclective over-fishing, the
offect on species composition of tho landed catches is the same. There is good
roason to beliove that the examplec has general usefulness in exposing the difficulties
of a situation where (1) a fishery is sustained by a substantial mixture of species,
(2) one of these spocies holds greater economic attraction than the others and hence
is subjected to hecavier exploitation, and (3) it declines in abundance to a point
where, for lack of adequate data, the basis for maintaining a roliable, long-tern
index of abundance is disrupted, if not lost entirely.



Abstract

The problem of measuring trends in abundance of a particular species "X"
in a mixed fishery is discussed with respect to the case where its abundance
declines relative to that of cthers, so that fishing effort tends to be diverted
more to other species or sub-arcas within the general region. If the abundance of
species "X" is measured by its catch-per-unit effort in all landings containing
at least somo minimum or threshold percentage of "X",then the trend obtained varies
somewhat depending on the threshold value chosen. When the abundance of "X"
decreases, the decline tends to be under-estimated with o high threshold and over-
ostimated with a low threshold. An example of petrale sole caught by the trawl
fishery off the west coast of Canada demonstrates this effect and also reveals some
additional difficulties involved in maintaining a reliable basis for measuring the
true raote of decline over tho long term.
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Figure 1. Hypothetical frequency distributions of the proportion of a
particular species ("X") in landings from a mixed fishery.
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Figure 2. Frequency distribution of the proportion of petrale sole
in landings from the southwest ccast of Vancouver Island.
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Figure 3. Frequency of petrale sole landings by groups determined from the

petrale sole/total catch ratio.
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Estimates of peotrale sole catch-per-unit effort based on

five categories of qualifying catch and effort.



