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I this paper rescarch trawl surveyes in the NAFO region are examined 1o
estimate tolal mortality. We examnine data for mest of the cod stocks within
the NAFO region, and all the flatfish around Newlowndland. The purpose is
to detect overall trends that may be missed in the examination of individual
stocks. ‘

1 Mortality from Pairs of Abundance Esti-
mates '

Consider a population in which cach cobort is surveyed at several ages. Lei
Fysi be the survey estiinate of abundance for year y, age a, and survey 1.
A primitive estimnate of total mortality, which includes the differences in
catchability at age, is: '
fu.a = Tyad " Tydladr,i-

IT the log catchability at ape o is cqual 1o that at ape o b 1180 G = oy,
ihen this should provide an wnbiased estimate of mortality. For vounger
ages, Lhis method can only be wsed tir doetect trends in inortalily, which may
be comtaminated by trends in vatchability. The results across all years are
displayed boxplots. The boxplots show the limits of the middle half of the
data (the line inside the box represents the median), Extreme points are
also highlighted. The amonnt of datais shown as the width of the boxes is
proportional Lo the sipuare rool of the number of data poinls. Boxplots not
only show.the location and spread of data but indicate skewness, as well,
The notches are the approximate 95% conlidénce intervals of the median.
If the notches on two boxes do not overlap, this indicates a difference in
a localion at a tough 3% significance level. The upper quartile and lower
quartile provide the outline of the box. Whiskers are drawn to the nearest
value not, beyend 157 (inter-quartile rauge) from the quartiles; points bevond
are drawn individually as outliers. Qutliers are plotled as poinls. For a
deseription ol boxplots see Noaglin et al. (1983). We preseni the mortalitios
for each year, age combination, and sinooth the resulting estimnates, We use
the “lowess? smooth for scatterplot daia (Cleveland 1979). This is a robust,
local smooth vsing locally linear fits. A window, dependent on the fraction
of the data selected Lo he analyzed, 4 placed about cach x value; points
that are inside the window are weighted so that nearby points gel the most
welght, For the plots we used a fraction equal to £ which produces very
stnooth plots.

There are cousiderable uncertainties in an analysis such as this. It js
difficult to know the selection of the trawl survey gear, t.e. wheu the fish are




- 2 -

“fully recruited to the gear. Older fish may be less vulnerable to the gear, but,

this could nob be distinguished from an increase in mortality. If fish migrate

between regions Lhis would show up as a bias in the mortafities,

2

Rés ults

We present mortalities for cod and flatlish stocks within the NAFQ regioi,
The results are as follows:

For the 2J3KL cod stock, we sce a clear upward trend in recent years
for all ages over 2. These trends are clear in all surveys.

INO cod. The estimate of total mortality for this stock is high at an
earlier age than 2J3KI cod. There is not a clear trend in mortality
for this stock, but total mortality has been about | for the entire time
period. .

s cod. Total mortality is estimated 1o be about | lor this stock as
woll. There appears to e an increase in mortality sinee the lale 1930s.

4TVn cod. Mortality has increased in recent years for this stock, It
appears thal the total mortality has been close to about 1 or higher in
recent years.

4VsW cod. Mortality has clearly been very igh for this stock for many
vears. there is some indication that mortality has increased in recent
vears, particularly in Lhe snmmer surveys.

14X cod. Mortality on the older ages appears to be high, e.g. around
I. There is no clear trend in mortality for this stock, but mortality
appears to be Increasing ou the younger ages.

3Y cod. Mortality on the older ages appears to be around 1, with no
clear trends. ‘ ’

57, cot. Mortality on Georges TBank appears to have heen increasing so
that il is presently al a level of around 1. :

Total mortality was alse estimated for several Mlatfish stocks.

2J American Plaice. Mortality in this region appears Lo have been very
high since the mid 1970°s on the older ages. I may be possible that
this “mortality™ is actually migration to the south or due to senescence.
There may have been an-increase in mortality during the last lew years
in this stock.

3K American plaice. There s a clear progressive elimination of older
ages 1 (his stock,

3 American plaice. The estimated mortality for the older ages for
the 3L region appears 1o be sinaller than those for 20 and 31, There
are thore older fisloin 3, here were [ year old Gshonntil 1955 i s
region. ‘This is consistent. wilth the hypothesis thal. some fish from the
north migrate to 3L, Mortality in recent vears seems to have clearly

. increased.

INO American plaice. There appears lo be increasing trends in mor-
talily for the younger ages lor this stock, but hittle evidence of trends
in the okler ages except perhaps in the last yvear or so.

3Ps American plaice. There is increasirig mortality at almost all ages
above 3. The total mortality at the older ages appears Lo be very high.

2J3KL Greenland halibut. There s increasing mortality on all ages
above age 3 Jor this stock. The moztalities on Lie older ages appear to
be very high for such a slow growing fish.

2I3KE Witch flounder. Mortality appears Lo be high, almost 2 for the
older ages of Lthis stock.




s INO \J\"ib(ilh Nounder. Mortality appears to be increasing for the older
ages on this stock.

» 3LNO Yellowtail flounder. There inay be higher mortality on the
yonuger ages for Whis stock. The norlality on age 8 appears 1o be
relatively constant at around 2 for this stock in the Cavadian spring
survey. A similar pattern is seen in the juvenile survey, but there may

" be a downward trend in mortality in the older ages.

i

3 Conclusion

The high estimates of total mortality in all the cod stocks examined is ex-
traordinary. The {otal inortalities appear to be around 1 for all stocks, and
perhaps significanlly higher in some. It is clear thal these stocks cannot sus-
tain such a high mortalities. Total mortalities has increased greatly lor most
of the Canadian stocks in the last few years. :

There are clear differences in mortalities among the flatfish stocks. Mor-
tality for yellowtail flounder appears to be very high by age 8; theré are very
few fish above this age. There are clear increasing trends for American plaice,
and some of these trends appear Lo be consistent with migration. Total mor-
tality also appears high for Greenland lalibut and witch founder. Again, it
scems unlikely that these high mortalilies can be sustained.
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4 Flgure Legends.

For each survey we prescnt Lwo plotb (1) boxplots of the mortalitics cal-
culaled for each pair of points for each cohort. These plots can be used to
determine at whal age thv total mortality is maximuni. {2} Plots of the year
specilic mortalities at m{h age. A lowess smooth is used on the data. These
plots can be used to determine trends in mortalily.
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