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Abstract

The hottom temperature and timing of the research surveys in NAFO region 2J3KL are
shown to have a large eflect of the estimated abundance of cod. The uncorrected estimates of
cod abundance using a stratified random analysis give misleading results if these factors are
not considered. I have tried to test a series of hypotheses with these data to develop consistent

series that can be used for assessing the stock status.
In the futnure, every effort should be made to carry out the research surveys

on the same dates each year.

1 Introduction

! have analyzed the 2J3KL surveys using the methods that have been desciibed in an ICES
document {Myers and Pepin 1986; ICES 1986/D:9). The basic idea of this model is te trans-
form the abundance such that it is approximately munltiplicative. The transformation used was
log. (number + %) This transformation is justified if the variation in numbers caught per set
follows a negative binomial distribution in which the parameter k is approximately equal to 1.
An analysis of intensively fished strata on the Grand Banks showed the observed distribution of
catch per strata was approximately negative binomial with a k parameter close to 1 (Myets and
Pepin 1986). Simulation models showed that good results could be obtained if the multiplicative




assumption was reasonable and there were not too many zeto catches in the data set, i.e. less than
10%. In 2J3KL there are few trawls in the appropriate depth zones in which no cod are caught.

The models presented below initially consider a stratum effect, and a year effect in an approx-
imately multiplicative interaction. This model should be regarded as a simple first approximation
to the variation observed in the data. [ have run the analyses several ways to test the robustness
of my conclusions, In particular, T have used unweighted and weighted (by the area of the strata)
leasi squares to estimate parameters. The results were similar in both cases because the number
of tows per stratum was approximately proportional to the stratum ares in depths less than 500m.
In the results below 1 have weighted the results by stratum area.

In general the model residuals were reasonably homoscedastic (see Figtires below}. The fre-
quency distribution of the residuals was approximately normal {Fig. 1}, with some skewness to the
left because of the presence of zero catches in regions of high mean abundance. These relatively
large negative residuals can also be seen in residuals plots below, but they should have a small
effect on my conclusions (Myers and Pepin 1986).

2 Stratified Random Analysis

The research surveys are carried out using a stratified random survey design. The estimates of
abundance for each stratum are combined to obtain an overall estimate, with associated confidence
limits {Fig. 2; the label STRAP stands for stratified random analysis). Details of the the analysis
can be found in the latest CAFSAC assessment, they have been updated to include more recent
information. The stratified random analysis has been included so that the results can be compared
with my analysis. In both the STRAP analysis and my analysis, the estimate is for all fish caught
{although I present the results in terms of estimated mean catch per tow).

Approximate 95% confidence intervals are given in both cases. The confidence limits for both
sets of analysis are probably overestimated because the entire population is not surveyed each
year. Furthermore, the confidence Iimits from my model are inflated because the multiplicative
assumption does not hold exactly.

3 Preliminary Information

o Only a part of the 2J3KL region is surveyed each year (see figures in CAFSAC 87/42). In
particular, the inshore regions are not surveyed. This problem is most severe in 3K.

o The timing of the surveys is not constant in each year (see Fig 3). For example, the mean
date of the 2] surveys varies by a month.

e There are seasonal migrations between regions and into unsurveyed regions. In particular,
there is an inshore and southward summer migration, and a return migration in the fall. The



teturn migration appears to be in the late fall in 2}, and early to the south {Henry Lear,
pers. com,}. The situation is more complex in the 3K region in which fish that winter in 3K
appear to move inshore and into 3L in the summer. However, a migration into 3L occurs
into 3K during this period.

e There is strong interannual variability in bottom temperature (see CAFSAC 87/42). In
particular, 1985 was very cold (Fig. 3).

* Botiom temperature usually decreases with depth if depth is greater than 100m (Petrie et
al, 1988),

e Bottom temperature within the depth range 100m to 40thn usually increases from August
to December (Petrie et al.1988). This increase is relative small, on the order of 0.5 to 1.0
degrees.

¢ The interannual variability in salinity at depths below 150 meters is greater than the seasonal
variability (Myers et al. 1938).

4 Effects of survey timing and bottom temperature

I investigated the effects of survey timing and bottom temperature using simple linear models.
The results for NAFO region 2J are reported in Table 1 and Fig. 4, 3K in Table 2 and Fig. 5, and
3L spring surveys in Table 3 and Fig. 6. For each model I have also plotted the estimnaled mean
number per tow (Fig. 3, 4, and 5). The residuals versus depth or temperature {which is labeled
“temp” in the plots) have heen plotted for several of the analyses in Fig. 6.

The hypothesis that survey timing and temperature were important to the survey resulis was
initially tested by examining residual plots of the tesults of a year and strata effect model. The
hypothesis was further tested by including the Julian date and boltom temperature for each in-
dividual tow in the above model using an analysis of variance formulation. The Julian date and
temperature are very significant, and improves somewhat the residuals.

5 Mitigation of the effects of survey timing and bottom
temperature

It would be best to use some other index of abundance, but this is not an option. Therefore [
investigate several methods of mitigating the effects of the variable timing of the surveys. It must
be recognized that this is in some ways a hopeless task: we simply cannot project into the regions
where we have not surveyed. Nevertheless, the following are approaches that were investigated.



5.1 Compare only years in which the timing and temperature were
sinttlar

For example, in NAFO region 2], we can compare the results for 1982-1984, and 1987 because
the mean dates of the surveys were similar. The resulis for both the STRAP analysis and the
multiplicative model] are similar: the 1987 abundance is slightly lower than the mean of the 1982-
1984 surveys. This approach is a good one because it requires no mode! assumptions.

5.2 Eliminate early strata and repeat the multiplicative results

I have included two analyses 2J: one in which I have included only tows from Nov. and Dec. , and
one in which I have included tows only from Nov. 10 to Dec. 3!. (Note that 1985 is missing from
this figure because all the surveys took place before Nov. 10 in that year.) Similar analyses were
done for 3L {spring).

The residuals for the analysis leaving out October observations still show strong patterns with
tespect to depth. The residuals using only those observations after Nov. 10 appear {o be between,
and thus are probably more reliable. One obvious disadvantage of this approach is that data is
eliminated, and that many strata are left empty. .

5.3 Include the timing of the surveys and temperature in the analysis

The results for the inclusion of the Julian date and bottom temperature of each tow has already
been described. This correction may be regarded only as a first order correction of the changing of
the survey timing. In 2J, the residuals still show patterns with respect to depth, i.e. in 1985 when
the survey was early there were relatively more fish in shallow water. Nevertheless, this approach
does provide a first order correction,

The correction for Julian day, i.e timing of the survey, is probably reasonable becanse we know
that the fish are inshore migrating out in 2J during the survey period. Thus, a linear correction
may be a first step to appoximating the process. Siwlarly, in the 3L spring surveys the later the
survey date, the more fish from 3K will have migrated into the region.

The correction for temperature may not be justified. If the fish are responding to temperature
by remaining in the same location but moving up in the water columu, then a linear correction may
be reasonable. Similarly, if they are remaining inshore longer above'the cold intermediate layer, the
cotrection may also be juslified. However, if they are changing position within the region surveyed,
then it would not be justified to use the correction for temperature in the estimates of abundance.



5.4 An analytic model of migration

1 have begun modeling the migration using nonlinear models and projecting how many fish are
in the unsurveyed regions. While, these may be useful in the future models are probably more
unreliable than the above and will not be reported. '

6 ESTIMATES OF ABUNDANCE

6.1 NAFO region 2]

The residuals of & year and strata effect model clearly show that during years in which the survey
was done early, t.e. 1985, cod tend to be more inshore. Unfortunately, during years in which the
bottom temperature was cold, the surveys were done early. Note, that during years in which the
surveys were conducted early, in 1982-1985, 1987, the surveys are negatively biased. This shows up
very clearly in the residual plots. During years in which the surveys are early the peak abundance
is at shallow depths, but during years in which the surveys are later the peak abundance is deep.
Note the shift in the depth of peak abundance. It appears that the depth distribution is deeper
during warm years.

The interpretation of the residual plot with depth is made a bit more complicated because some
of the shallow strata are in fact on Hamilton Bank which is not inshore. However, the abundance
in the inshore zones is higher than usual for 1984 as well.

I next considered a model in which temperature and Julian date of the survey were entered
as covariates. This reduced the trends in the residuals with depth. Both factors entered very
significantly (Table 1). Using the exponential or the logarithm of temperature or Julian date did
not significantly improve the fit,

We should not expect a simple linear model to be an adequate representation of the migration
pattern; therefore, we must treat the new results as a slightly better approximation at most.

6.2 NAFO region 3K

The results for the 3K fall survey were similar to the results obtained for 2] {Table 2). However,
it is questionable whether the resulting estimates of abundance should be used in an assessment.

The principal difficulties with the 3K data are:



Much of the inshore region is not surveyed.
® There are substantial migrations into 3L from 3K, and ihto-SI( from iJ.

¢ The confounding of the timing of the survey and bottom temperature &s previously men-
tioned. :

The surveys in 3K were sometimes done hefore and after the 2J surveys, resulting in a lﬁrge
spread of the time required to carry out the surveys.

I could not obtain an internally consistent analysis for this region. I therefore recommend that
it not be used in the assessment.

6.3 NAFO region 3L

The Fall surveys in this region seem to be more affected by migration and timing of the surveys
than the spring surveys (this is based upon Henry Leat's tagging studies). Therefore, 1 have only
analyzed the spring surveys.

" There have been changes in the timing of the 3L spring surveys (Table 3), The bottom tem-

perature has also varied greatly. Note that the effects of temperature appears to have an effect
mainly below zero degrees,

Fo determine if timing of the surveys had on the [ analyzed the data using only tows before
July (Table 3a), using data before June (Table 3c), and using data before May 20 {Table 3d). The
results are probably most reliable for the data before May 20 because this is before the migration
from 3K probably occurs. The results for my analysis for the data callected before May 20 show an
increasing abundance in 3L before 1983; that is reasonably consistent with the STRAP analysis.
The very large estimate for abundance in 1981 is caused by one strata and should be interpreted
with cantion. The analysis of the 3L surveys using Julian date as a covariate should be considered
as a reasonable estimates of abundance as well (Table 3e).

There was a change in the vessel and gear during this series. It is believed that the fishing
efficiency is the same for the two vessels but I do not know how reliable this belief is. In any case
there is no indication of a large change in abundance since the 1985 estimate.

If the fishing efficiency is the same for the two vessels, then there appears to be a general
increase since 1982, consistent with the trend seen in 2J.
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GENERAL

GENERAL

GENERAL CONCLUSION FROM THIS ANALYSIS
OF RESEARCH SURVEYS

There is convincing evidence that the abundance from 1982 to 1987 is greater than in previous
years. There is no reason to believe that there ate any large changes in the last three years.

The data from 3K cannot be reliably interpreted at this time.

There is no evidence for a decrease in the population during the last 5 years. If the data from
the Cameron are comparable to the Templeman, then there is a similar increase in 3L as is
observed in 2J. However, it is unlikely that the change in catchability is greater than a factor
of 2; thus, there is good evidence that there has not been a decrease in 3L, and probably an
increase.

The timing and bottom temperature both have large influences on the estimates of abun-
dance.

Every effort should be made to carry out the research surveys on
the same dates each year.
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0D, 2J. DEPTH <500, Oct Nov Dec, Yr*Strata model

4

- 20 -

RESID MIDPOINT

P e I VAVAVAN
-4

FREQUENCY

Fig. 1. Residuals for the strata and year effect model on 2J cod. All data were used from
depths less than 500 meters.
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Range and Mean for 2J (Depth < 500m)
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Fig. 2. Range and mean of the timing and bottom tempetature for the reserch vessel surveys

in 2], 3K, and 3L(spring}.
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Cod Abundance Estimates ( X10%)
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Fig. 3. Stratified random analysis of the 2J, 3K, and 3L (spring surveys

" confidence intervals.
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Fig. 4a. Cod, 2J, Depth <500, Oct Nov Dec, Yr*Strata Model,
IIT[E:COD, 2], DEPTH <500, QOct Nov Dec, Yr*Strata model
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Fig. 4b, Cod, 2J, Depth <500, Oct Nov Dec, ¥Yr*Strata, Julian, temp model.
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Fig. 4c,

TITLE=COD, 23, DEPTH <500, Nov Dec, YR
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Fig. 4e. Cod, 2J, Depth <500, Oct Nov Dec, Yr*Strata Julian model,
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Fig, 5a, Cod, 3K, Depth <500, Oct Nov Dec, Yr*Strata model.
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Fig, 3b, Cod, 3K, Depth <500, Nov Dec, Yr*Strata, Julian, temp mudel.
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Fig. 6b. Cod, 3L{spring), Depth <500, Yr*$trata, Julian temp modei.
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Fig., 6c. Cod, 3L(spring), Depth <500, Yr*Strata mode!, before June.
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Fig. 6d, Cod, 3L{spring), Depth <500, Yr*Strata model, before May 20,
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Fig. 6e. Cod, 3L(spring), Depth <500, Yr*Strata, Julian model.
TITUE=COD, 3L (Spring), DEPTH <500, Yr*Strata, Julian model
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