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INTRODUCTION

NAFO Scientific Council (Anon., 1988) uses an index of catch rate
for the Greenland shrimp fishery in Subarea 1 based upon logbook
records from seven trawlers (721-1,000 GRT) from the Greenland
Home Rule Trawler Company (GHT). The catch rate index is a simple
average of the CPUE as reported over this set of vessels for the
July-September period in NAFO Division 1B. The July-September
period has been used since the fishery in these months 'is less
influenced by ice coverage of the fishing grounds and by catch
restrictions due to gquota regulations. Division 1B has throughout
the history of the offshore shrimp fishery contained the most
important fishing grounds. However, the index does not account
for changes between vessel coverage or for changes in the
relative importance of the fishing grounds between years. Neither
is the shift in availability inside years from year to year
accounted for., Furthermore, the catch on which the index is
based, is in the most recent years only a small proportion of the
total catch.

Therefore, it was considered important that new CPUE indices be
investigated {Anon, 1988). This present study is aimed to verify
the usefulness of a multiplicative model to derive a new series
of standardized catch rates. The analysis presented in this paper
is based upon the same set of vessels as those included in the
simple index used at present. The time period has been extended
te cover the entire year and the data have been disaggregated
into four areas. Multivariate ANOVA were used to analyse the
relationships between CPUE and variocus factors and to build a
multiplicative model in which interaction terms are alsc
considered.

The interpretation of trends in any cpue index in terms of

abundance is made difficult by the development in shrimp trawl
technology which has taken place throughout the eighties. The
introduction of new technology was gradual and the improvement in
efficiency of the trawlers was not synchronized in time and the

relative efficiency between - trawlers may therefore may vary with
time.




MATERIALS AND METHODS

INPUT DATA

Greenland catch and effort statistics are collected through
logkbooks on a haul-by-haul basis since 1976. However, the logbook
system did not provide total coverage for the entire period and
alspo marked fleet changes are seen over this period. The logbooks
from seven trawlers from the Royal Greenland Trawler Division
(RGT), formerly Greenland Home Rule Trawler Company ({(GHT) are

.available for the entire period and these data form the most
consistent CPUE dataseries available. Six of the wvessels are
sisterships (721-857 GRT) and all built around 1970, and one is a
trawler of about 1,000 GRT that was built in 1982. However some
of the vessels have been in and out of the shrimp fishery over
time, Table 1.

The data show a major haul-to~haul variation. Therefore catch and
effort were summed in cells defined by vessel, -area, month and
year. This sum is taken over all hauls within the cell and the
marked diel variation in catch rates is therefore not considered
in this analysis, but will add to the variability in the data,

Catch and effort data were broken down into areas based on a
general knowledge on the distribution of the offshore shrimp
fishery in NA¥0O Subarea 1 and particularly on the distribution of
total catches in 1988 (Carlsson and Kanneworff, 1989). These
areas are considered to reflect abundance differences. The old
index is confined to Division 1B and this restriction was largely
maintained for the new index to allow for comparisons. Therefore
only data referring tc the stratification areas 3, 4, 5 and 6 as
shown in Fig. 1 were included in the database (Tabie 2). Catch
and effort data were alsc broken by month and year (Table 3).

Because several cells have only a single or few hauls, they were
discarded from the analysis as the large haul-to-haul variation
will dominate the CPUE estimated for these cells. Rather
arbitrarily, all cells with less than or equal to 10 hours of
efforts were deleted which brings the number of ¢ells included in
the analysis down to 1157. If instead a limit: of e.g. 11 hours
had been used an extra 17 cells would have been deleted.
Preliminary analysis -suggested that one cell was a -marked
cutlier, and this observation was therefore deleted from the
dataset used in the analyses. Thus 1156 cells out of a possible
total of 4368 are included in the analysis.

The CPUE of a cell was calculated simply by dividing total catch
by total effort for a that cell.

ANALYSIS
The standard multiplicative model (Gavaris 1980} :

log {(CPUE) = a0 + al{year) + aZ{month) + a3{area) + ad(vessel) + e
(e being the stochastic term)-.

was investigated. This model! has 32 parameters to estimate (12
years, 11 months, 3 areas and 6 vessels) since each variable is
only estimated relatively. Inspecticn of the estimable functions

shows that all parameters .can be estimated with the given
dataset.

The goodness-of-fit was checked by investigating the variation
explained (r-squared} and by the degree to which the residuals
are normally distributed. The latter analysis was done
graphically by histogram, box- and probit plots,




Interactions between vessels and years, areas and years and
months and years were also investigated. These comparisons were
done graphically.

A series of standardized catch rates was finally produced from
the results of the multiplicative model without interaction
terms.

© RESULTS

Simple Multiplicative Model

The results are presented in Table 3 for both the ANOVA scheme
and the parameter estimates. The model explains 40 % of the total
variation. The effects are in ocrder of ability to explain the
variation in the data: seasonality {month), annual differencies

(year) while area and vessel effects although significant at the
5 % level are of less importance.

Histograms, Box- and probit plots of the residuals (Fig. 2)
suggests that the residuals are normally distributed and no
marked outliers are indicated. The residuals do not show any
cbvious tendencies with time.

Interactions between Year and month, area and vessel.

Before the multiplicative analysis presented in Table 3 can be
used for constructing an index of catch rate, it is appropliate to
investigate whether there are deviations in particular years of
the seascnality as contrasted to the overall seasonality pattern
{(year*month interaction), or whether there are. deviations from
the overall pattern of CPUE by area or by vessels in particular
years. With the given database these interactions can only be
investigated one by one and hence the results obtained will be
confounded by interactions of other types than that under
investigation. Further because o¢f misssing cells not all
combinations can be investigated within a given interaction. The
table below gives the R-square for the three interaction models
together with the R-~square from Table 3 for reference:

Without Vessel*year Area*year Month*year

R-square  0.40 0.46 0.46 0.56

Inépection ¢f the parameter estimates for the three runs shows
that vessel 32 and 64 are the two vessels most often involved in
significant interaction terms, while there does not seem to be

any tendencies among the areas. However, . given the low
improvement in R-square, it was not considered of major
importance to trace the vessel problem. To illustrate the

area*month interacticn, logarithmic means after standardizing
ships and years based on the effects found in table 3 were
calenlated. Fig, 31 shows these lngarithmic means for the four
areas. It ls apparent. thal area o slowe an abibernal  Dslaving
compared to the other three areas. The Iinteractions between
vessel and year and area and year were considered to have a minor
contribution to the explanaticn of the variability of the data.

Ahalysis ©f the year-month interaction might suggesﬁ that 1986
c¢ould be a cause for concern. However, removing 1986 from the
dataset and rerunning the analysis did not change the R-square of
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the basic run appreciably while the R-sgquare including the year-
month interaction also remained largely unchanged. The analysis
above suggests that the mest important contributor to the
variability, which still might be explained within the dataset
considered, is <changes from one vyear to  the next in the
seasonality of the catch rates. The analyses made so far suggests
that this feature has little regularity e.g. there does not seem
to be years where the pattern is drastically changed as compared
to the overall seasonal pattern. Fig. 4 shows the seasonality by
year for division 1B. From this fig. the variability in the
seasonality of catchrates is apparent. However, -even if the
analyses showed there are significant interactions between year-
month, year-vessel ' and year-area, these interactions were
included to the random noise in the data and the basic

multlpllcatlve model was assumed to be a good descrlptlon of the

variability in the data set

A Catch Rate Index

Accepting for the time being the analysis presented in Table 3 as
the basic for a new index, the time series can be constructed by
taking the antilog of the annual effects. In Takle 3 these are
normalized to the level for 1989 (effect = 0 or after taking
antilog effect in 1989 is equal to 1). Fig. 5 shows the old (Anon
1990} and new indices together with the total. catch vs. time.

Discussion

The new index has a number of advantages over the one used
previously. The index presented is based on a larger porportion
of the total catch, it includes an explicit account of the
seasonality, (from Table 3 there is a systematic decrease in
catch-rate from July to September) and it accounts for changes 'in
the relative contribution of data from the various vessels and
from the different areas. Furthermore, since the new index uses
data from all months, it is posssible with this type of index to
fellow the development’ in the catch rate month by month since
observed catch rates can be corrected for systematic variations
with area, season and vessel. Also 'the new index is based on a
more stringent analysis than was the old one.

The interaction between month and year as demonstrated above
suggests that the model does not explain all systematic
variability in the data, particularly the seasonality varies
between years. 1If based on data for say the first half of the
year, a prediction of the annual level was made, this interaction

would appear as an added source of uncertainty to that index.

Whether the new index represents the development in abundance can
of course not be addressed since the multiplicative analysis is
done within the CPUE data. To discuss that problem, alternative
data which reflects the abundance must be available. However,
improvement in gear technology, has taken place since around
1980. The introduction of new technology was gradual and the
improvement in efficiency of the trawlers was not synchronized in
time and the relative efficiency between trawlers may therefore
may vary with time,

Comparing the time development in the new and the old indices in
fig. 5 indicates that some part of the CPUE increase which is
seen in the old index from 1984-1987 is due to changes in season,
within July-September, and. spatial changes in the distribution of
the effort over this time span. However both indices suggest that
1987 was well above 1986 and that the subsequent drop in 1988 has
brought the index back to the 1985-86 level.
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4, 5 and 6 (Fig.

areas 3,

are considered. The period is 1976 -~ 1989.
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Only hauls

seven RGT trawlers.

Table la. Effort by véssel and year.
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Fig. 1. Areas used in.the multiplicative analyses. Only data from
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1988 (from Carlsson and Xanneworff, 1989). '
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