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ABSTRACT

A photoyraphic survey in NAFO div 1A and 1B was
carried out in August 1980 using the same sampling tech=-
nigue as in previous years. The density figures obtained by
the bottom photography in the period 1977-80 are used in
a mathematical model to produce biomass estimates covering
the observed area between $6:0UN and 69:30N,

INTRODUCTION

Since 1977 bottom photography has heen used as a tool
tor estimating shrimp density in the oftshore area in NAFO
$SAle 1In earlier papers (kanneworff, 1979a; 1979b) the use
of the method was discussed, and hiomass estimates tor the
shrimg population in the area from 66:00'N to 69:00'N were
giver in relation to estimates cderived from a stratitied
trawl survey in 1976 (Horsted, 197&).

The present paper introduces a mathematical model for
the distribution of shrimp in the photographic material.,
and biomass estimates for the period 1977-80 are derived
from this model. The biomass estimates are calculated by
means of stratum areas given by Carlsson and Kanneworff
(1979) .

MATERIAL AND METHODS

The method of sampling by means of bottom photography
and the techniques for handlina the eauipment has been
described by Kanneworff (1979a). fFrom 1977 this sampling
has Dbeen  carried out in the oftshore area of Div. 1A=1C,
between 66:UQ'N and 69:30'N. The same standard of exposure
has been used every year, i.e. each photograph covers 3.39
squaremeters. Two photographs per minute has peen uysed as
a standard exposure rate, giving an estimated average
distance between photographs of 5-15 meters dependent on
the speed of the current and of the wind.
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The sampling sites have ©been chosen so as to cover
most ot the strata within 66:0C'N and 69:30'N with respect
to - both the geographic and the depth distribution of the
shrimp (Fige. 1). Depths within the range 100-63G m have
been examined. Some of the sites have been occupied in two
or more of the years in order tc make a direct year-to-year
comparison possible. One ot the sites in the central area
has ~been occupied in all four years. This station has been
chosen as a reference point being located inside the most
heavily fished area.

It should be pointed out that the sampling in 1980 has
teen concentrated in the northern part. This has been done
because earlier material indicated that shrimps of smaller
size groups could be widely aistributed in the area
northwest ot Store Hellefiskebanke. )

In 1980 a total of 17 sampling sites were occupied
during the month of August. The nurber ot photographs taken
in the four succeeding years 1977-50 are 10667, 1544, 158
ana 1795 respectively, the 1979 sampling season being very
much influenced by extreme bad weather conditions.

In order tc¢ obtain an indication of the average
individual weight the shrimps were as previously classitied
during the reading of the photcgraphs by the three size
categories: small (less than 18=20 mm carapace length, with
a mean weight ot 3.5 g), large (greater than 28=30 mm
carapace length, with a mean weight of 13 g), and medium
(zll others, with a mean weight of 7.5 g). On some
cccasions the ,size distributions as read .trom the p-
hotcgraphs have been compared to samples from catches taken
by shrimp trawl 'in connection with the photographic samp-
Ling.

The use of a mathematical model in the analysis is the
resuylt of an attempt to describe the biomass depencency of
some easily measurable parameters in the simplest possible
waye A multiple regression analysis was used to sort out
those of the availahle parameters which best describe the
biomass figures from the photographic materiale.

The analysis was carried out by means of a 'General
Linear rodel' procedure included in the 'Statjstical Analy=-
sis System' (SAS) programme packase in the computercentre

ot the Danish Technical Highschool (NEUCC).

In the final wversion of the model it was chosen to

incorporate only year, depth and latitude, being the ‘three
most signiticant parameters. and being parameters which are
directly 'at hanc'. ! .
‘ The input values to the analysis were. biomass indices
(grams per squaremeter) from all sampling sites collected
in 30-minutes periods (up to six - periods per station)
durirng the years 1977=80. All values were weighted by the
number of photographs in each 30-minute period.

The material from the photographic sampling was as-
sumea to be ltognormal distributed, and thus the following
model was established:

2 2 2
_ 9(30*‘313/1*523’1 +az dj +ag d;° + ag 1y + ag 1y +a7yidj+aeyilk+a9djlk)x A

B,k i3k
& is a stochastic varable with a2 lognormal distribution
around yhéﬂ dependent of year., depth and latitude, and
it include’s a dependency of all other parameters which are
nct incluyded in the model. The easiest way of treating &
here is to regard it as bteing a pure sampling inaccuracy.
A is lognormal distributeds, which means that if the
expectation of 2 is equal to 1, the equation:
5'2 5-2
BA) = 1= e™MIn or Pram =0

is valide If n is large,

If
&2
Zn

E(log &) = p = -



including this into the former ecuation, the model now
looks:

2
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2
In this equation, € 1is normal distributed around @L%).

RESULTS AND DISCUSSION

puring the four sampling years most of the strata
relevant for the shrimp distrituticn between 66:00'N and
69:30'% have been sampled (Fige 1). The coverage in the
¢cifterent years, howevers, has peer very much influenced by
the weathers, ‘ice <conditions, technical problems with the
equipiwent and in one of the years limitations in the use
of the research vessel due to request for work, with higher
priority than the shrimp work.

In the 198 season the samplirg - was -concentrated in
the northern part ot the area, because this area was
expected to be of a special interest, possibly being
nursery areas for the younger shrimpse.

This c¢hange in sampling coverage is likely to in-
troduce some bias into the use of the density figures from
the photographic material. A Lias in the bioinass estimates
introduced by a selection ot sampling sites to areas 1in
which Little commercial tishing has taken place and in
which younger yearclasses or higher densities are to be
founa will tend to overestimate the values for the biomass
in the whole area incorporated in the analysis. In Tab. 1
it can pe seen that many of the stations north ot 68:00'N
in 1980 did show very high densities, but that only two of
them were dominated by smaller sized shrimpse.

buring the <cruise in 1980 scme discrepancies between
the charts used for establishing the depth strata (Carlsson
and kanneworft, 19¢9) and the real depths measured with the
echo sounder onhoard the research vessel were encountered
in the northwestern part of the sampling area. A major
discrepancy was found in the area LH440 (Fig. 1), which
area was expected to be well insice the depth range 300-400
m, but neither 'in the area LH44C nor in the eastern part
ot the neighbour area LH439 any depths beyond 3U0 m  could
te found. The error in the biomass estimate for this block
(tlock no. 11217, Fige. 2) leads to an overestimate of about
10-15 prercent. The ' values - used for the areas of the
different strata do thus need some revisions, but they are
still the only availahle figures.

In order to get a <check ot the size compositions
derived from the photographic reading some comparisons can
tie made with sanples obtained from trawl catches taken in
connection with the photographic sampling. Table 3 shows
the size compositions from seven sampling sites in 1980
together with the estimated weights. Five of the stations
show a very good correlation in the size distributions. In
the last station of the table the size group 'small' seems
to be wvery underrepresented 1in the trawl sample. The
'small' shrimps 1in the photographic material were in tact
very small on this station and may well be somewhat
underestimated being close to the resolution of the p-
hctographic system. Most ot this size group is supposed to
have passed through the meshes in the trawl. In the samples
from the other stations tabulated any influence from mesh
selection is not likely, most of the shrimps in the samples
being greater than 13 mm carapace length.



The values for the average w~eights seem to be wun=
derestimated 1in the photographic material as compared to
the samples from trawl catches. A revision of these weights
is thuys needed, being very sensitive input. parameters 'in
the biomass calculations.

The development in the size composition of shrimp in
the main fishing area, south of 68:00'nN, as described by

means of the reference sampling site (area code KRUO04), is
shown in Fig. 3. A decrease in mean size through 1977-79
with a reduction in estimated mean weight from 7.3 g to 6.0
g is obvious, while the material from 1980 seems to
indicate a moderate increase in mean size as compared  to
1979.

Using the established model witn the input datar, i.e.
estirates of yrams per sguaremeter, the regression analysis
showed (Table 4) that the biomass dependency of the chosen
parameters may be described by a model of this kina. There
is, however, a very low correlation coefficient and a very
high variance involved. This means that another correlation
than the Llinear might be a better approach, and thys the
use of this model must be carried out With great caution.

The forwmulae for calculating the wvariance in the
material have not yet been worked out, but it is essential
tec include very wide confidence limits in the use otf the
biomass estimates cderived from this model. 0f the same
reason it 1is not possible to extrapolate to parameter
values outside the observed (e.g. to areas south or north
of the area sampled).

Despite the wvery high variance the authors find this
new way of approaching a direct biomass estimate better
than the method formerly wused, in which an estimate was
ohtained relative to an estimate from a trawlsurvey in 1976
(Kanneworft, 1979h). :

., By means of the model estimated biomass values for atl
100 m depth strata within the 100-600 m depth interval in
the area from 66:00'N to 69:3u'N and for all tour years
involved have been obtained. The total biomass tor the area
is estimated to be 202, 115, 110 and 177 thousand tons in
the four years 1977-80. The magnitude of the biomass
estimates in some of the strata are visualized in Fig. &
together with the total fiagures.

The  estimates given seem to indicate a major increase
in the biomass in 1980 relative tc 1979 but as mentioned
above the figures for 198U may be overestimated due to
selection of special sampling sites. The decrease from 1977
to 1978, howeverr, 1is 1in good agreement with earlier
estimates given by Ulltang and Torheim (1979), and the same
applies for the apparent stable Llevel between 1978 and
1979,

The interaction Detween the ditferent parameters in
the model, given in Table 4, are shown in Figures 5a=5b.
It is «clearly seen that the parameter latitude (BR) has 23
very heavy eftect on the =estimates. 1he highest biomass
seeim to be concentrated in the depth interval 150=400 m
with peak values close to 300 m. The <depths with the
highest concentrations according to the model are in good
agreement with the preferred tishing depths tor the commer=
cial trawlersa.

CONCLUSTION

Taking very high variances into account values for
total biomass of shrimp obtained by means ot a mathematical
model may be used to examine ‘the tluctuaticns in the stock.
As stated earlier (Kanneworft, 1978&) values for biomass
obrtained through photographic sampling should be regarded



as minimum figures, as they take into consideration only
that part of the stock which duringa sampling time 1is near
or con the bottom. In order to reduce the effect of the
fluctuations caused by vertical migrations to a minimum the
sampling has been carried out only during the daytime and
only in July=August in all four years. The bhiomass estimate
trom 1980, however, may be somewhat overestimated as long
as a model ot the present kind is used,

Due. to the possible underestimate of the mean weights
in the size groups the overall biomass values tor the tour
years in. guestion may be wunderestimated ‘up to 10=15
percent. )

A reduction in mean shrimc size in the period 1977=79
is iJndicated, ‘and. a minor increase seems to have taken
vlace from 1979 to 1980,

dotinc the low correlation coefficient and the very
high wvariances - it is obvious that the model needs some
revision and that another dependency that the Llinear is
lLikely to be expected.
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Table 2.

Percentage size distribution and average weights of shrimps
in photographic material. The samples are taken from the same site
(area code KRO04) in four succeeding years,

YEAR small peizg.liﬁ:ge large average weight
1977 4.3 95.3 o4 Te3
1978 10.6 88.4 1.0 Te1
1979 3649 63.1 0 6.0
1980 24.9 T443 .8 6.5

Table 3., Percentage size
photographic material and

distribution and average weight of shrimp in
samples from trawl catches in 1980,

% % % .

Stratum no, fArea code type small nedium large Average weight
photo 5.8 92.3 1.9 T.4
12317050 KP440 trawl 5.5 93,4 1.2 8.9
Photo 24-9 7403 .8 6-5
12316050 KROO4 trawl | 21.0 78.1 .9 7.4
photo 6.1 93.6 .3 Te3
12413050 Kz014 trawl | 14.2 85,0 .8 8.9
photo 6.9 92,0 1.1 7.3
12414050 Kz012 trawl 8.0 £9.1 2.9 11.1
. photo .0 100.0 .0 7.5
12517070 La438 trawl | 3.4 93.2 3.4 10.3
photo .0 28,7 1.3 7.6
11217050 LH440 trawl 1.3 95.1 3.6 9.3
. photo | 83.3 16.5 .2 4.2
12416070 Kz002 trawl [ 19.6 80.3 2 1.4
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Fig. 1.

Map showing the sampling stations in years 1977-80. Three stations

south of the map, occupied during 1977-78, were included in the analysis,
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)
MAP SHOWING
THE BLOCK SYSTEM
D;pths hlxnetre;.

[l [w[mlwl T ]

Fig. 2. Block numbers in the stratification system for Div. 1B and
the southern part of Div. 1A. Block numbers in brackets west of 59°W

are numbers extended to SAQO from SAl for practical use in the ADP
system.
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Fig. 3.
mercially most important area west of St. Hellefiskebanke.

Size composition of shrimps from photographic samples in the com-
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the total biomass estimate for the whole area between 66°00'N and 69°30N,
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Fig. 5a. Figs. 5a-5b show the estimated shrimp biomass per squaremeter
in different depths and at latitudes betwsen 66°00'N and 69°30'N,
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Fig. 5b. Figs. 5a-5b show the estimated shrimp biomass per squaremeter
in different depths and at latitudes between 66°00'N and 69°30°N,
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