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ABSTRACT

Data from photographic surveys in 1977-85 have been analysed to produce
biomass estimates of shrimp in part of NAFO Subarea 1. The observed
varlations in shrimp density and their relations to geographical and
environmental parameters are discussed, and estimates of total bicmass
for different size groups in the area examined are presented.

INTRODUCTION

Since 1977 photographic surveys have been carried out in the offshore
shrimp distribution area in NAFO Subarea 1. The amount of shrimp on the
photographs and the observed size distribution have been used for
estimating the level of total biowmass and distributional fluctuations
of the stock since introduction of a regression model in 1980.

MATERIAL AND METHODS

L .

Data from the pﬁothgraphic surveys in the area GSOOO’N—GBDBO’N has heen
used to describe shrimp density and distribution and to estimate the
level of total bfomass in different years. The planned station gfid for
the surveya has been the same throughout the years, but the success of
sampling has varied much from year to year with an almost complete
coverage 1in the last three years only (Fiq. 1). The 1985 survey
occupied 26 sampling sites in the area GGOOO’N to 69030'N, and in all
3,309 photographs from this survey have been.examined and added to the
database used in the present work. The amount of photographs now used
for estimating the shrimp stock in the area in gquestion totals to
21,626, Some statlons north and south of the area have been occupied
during the later years, but the material 1is still too small for
estimating the biomass in these areas.

A repeated reading of the older material has now been completed. At
present the whole photographlic material classifies the shrimp lnto five
slze groups as described by Kanneworff ({(1985). The numbecrs of shrimp in
each of the size :groups have been counted, and the corresponding
biomass calculated on haals of mean welghts in the groups estimated for
each sampling site, The new reading has alsc included a registration of
the bottom type. It has been possible to distinguish between four
types:
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Evan structure with clay or sand only;
Clay or sand with gravel and some small stones;
Gravel with Btones, a few boulders;
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Stones and boulders.

On . each sampling statlon fairly long seriles of photographs have baan
taken in order to level out the sampling errors due te the uneven
distribution of shrimp on the bottom. Maan densities and slze
distributions have been calculated as averages for each station as
basis for mest of the analyses, but as the bottom structure frequently
changes along the sampling track it has not yet been possible ta
include the bottom type in those analyses. However, as the character of
the bottom very likely has an influence on the distribution of shrimp,
special analyses have been carried out to elucidate such relations.

RESULTS AND DISCUSSION

Distribution of shrimp.

The counted number and corresponding biomass per squaremeter of shrimp
in the five size groups as well as the estimated mean welght are given
for all sampling sites for the years 1977-85 in Table 1. Selected
atations which have been sampled freguently during the years are shown

- on Figure 2. This figure shows the observed blomass of shrimp par size
group for each of the sites, It ls a striking feature 'that very high
concentratlons {mostly of all size groups together) occur on different
locaticns from year to year. The figure also indicates that this
feature is less pronounced in 1985 than in the other years. Only a few
of the sltes show a higher degree of stability in the total biomass;
low densitiee are found in the southern and western slopes of the area
(area codas KFPOG7, KP440 and KX438), densities of average values are
found in the central flats northwest of Store Hellefiskebanke (KV007,
Kz002, - K2012, LB0OO5 and LHO04), while constantly higher densitles are
found in Godhavn Rende {(LHO14-LJO%1} only.

To facllitate an analysis of the distribution of the size groups on the
different sampling sites the “station effect” has been tested by means
of a simple linear regréssion analysls (Tables 2-6). Only the period
1981-85 has been included here because of the more complete coverage of
the sampling sites during these years. The results from this analysis
shows firstly, that sampling sites with low mean blomass exhibit
constantly low bilomass figures in all size groups and secondly, that
only large shrimp (groups four and five) seem to inhabit the same areas
with roughly the same degree of preference from year to year.

On basis of this analysis and the study of the original distributions
(Fig. 2) it is conc¢luded that preferred or non-preferred areas exist,
but that on the other hand concentrations of shrimp of all sizes move
round in the area from year to year. To find possible explanations for
such movements of the stock 1s the purpose of developing descriptive
modela ineluding parameters which wmight have an effect on the
migrations of the stock,

Part of the mentloned “station effect” could possibly be assigned to
" the bottom material or structure. As stated earlier a classiflcation of
bottom types has been carried out during the reading of photographs., An
analysis in which a1y 17,704 photographs from the years 1981-85 have

been used as separate observations (in contrast to the station averages




normally used) has been made specially to f£llustrate the effect of the
bottom type in combination with the effects from the hour of sampling,
temperature, latitude and longitude (Tables 7-11). This analysis
indicates, that some of the varlation in the shrimp blomass 1ls actually
correlated with the type of bottom, It is alsc indicated that the five
size groups to a certaln degree react differently to the bottom types.
Because of the uneven distribution of the shrimp on the bottom, an
analysis of this kind naturally 1involves high variations in the
dependent variable; thus low correlation coefficients can be accepted
for this model.

Development of the model.

In order to find a shape of the descriptive model (i1.e. a set of
parameters which explains resonable parts of the varlations {&n the
observed blomasses), which is suitable for estimating a total biomass,
a basic model including the following parameters has been used:

Depth (DE}, ranges from 162 to 506 meters;

Latitude {LA), the area between 66°00°N -and GQOBO'N has been
sampled-within the depth range;

Longltude (LO), the area between 54°30-w and 59°15°W has been

' sampled within the depth range; ’

Hour of sampling (KL}, only sampling in daylight-hours has

. occurred;

Bottom temperature at the time of sampling {(TO);

Bottom temperature in the sampling stratum one year earlier (T1);

Bbttom temperature in the sampling stratum two years earlier {T2);

Temperaturé four years earlier in the 0-50 m layer West of Fylla
Bank (T4).

The primary runs of the basic model alsc include the squared values of
the parameters and the c¢rossproducta in order to analyse the total
response surface of the parameters {(Table 12).

A logarithmic transformétion‘haa been applied to the dependent vartable
({blomass per squaremeter)}, because the distribution of the shrimp on
the bottom 18 assumed to be contaglous with a clumping size of roughly
the game 8lze as the counted {photographed} area.

The bottom temperatures have been recorded during a hydrographic crulse
in July and during the photographic’ survey In July-August 1985.
Isclines for for the bottom temperature in thig period s shown in
Fig. 3. ’

The baseic model has been optimized by means of different starting
points and by wusing different preocedures for chooslng or discarding
elements of the basic medel. 1In corder to avoid too much “noise” in
crosgproduct effects all crosaproducts, which 1nvolve vcorrelated
parameters, have been removed before the filtering processes. To find
usable combinations of elements in the model the “Stepwise” procedure
from the “Statistical Analysis System” <computer package has: been
applied. This procedure saves much time, but naturally the combination
of remaining elemonts from such a process ls only to ba ragarded am one
of many poasiblo sclutions. 1t has been the aim to find falrly simple
models, in which both the correlaticn coefficlent for the model ia
acceptable and all the parameters significantly explain the variations
of the dependant variable,
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Ag in earlier works (e.g., Kanneworff, 1985) one model describing the
total biomass {1.e. all =silze groups comblned) has initlially been
davelopaed. Howaver, after the repeated reading of all photographs, in
which five @8ize groups have been established (in stead of the earlier
three groups}, 1t haas now been possible tc lnvestigate how the various
parameters act on the blomass of the different slze groups. Tables
13-18 show the elements Iin the final models for the five size groups
and for the combined materlal. From Table 19, which sums up the various
models it is clearly seen, that the degree of latitude {and 1its square)
is of importance for the distribution of all size groups, while the
depth seems to influence the biomass of the middle groups of shrimp
mainly. Fluctuations in east-west distribution (degree of longitude) is
only significant for groups one and five. The effects of the
temperature show an interesting pattern, where group one seems to be
connaected with variations in TO, group two with T1, group three with T2
{and to a lesser degree with TO0}, group four with T4 (and T1), and
group five with T2, This could be interpreted so, that the size groups
are more or less connected with age groups, eventually as an indlrect
effect. The hour of sampling seems to have a certaln effect on the
large shrimp only, but as the sampling has only occurred during hours
with daylight, possible fluctuations especially in the amount of shrimp
of the other size groups might be hidden by this sampling pattern,

Only half of the variations in the observed blomasses are explained by
theas models. An inclusion of e.g. bottom type and hour of sampling in
the model used for estimating the biomass would certainly raise the
correlation coefficlent, . but an explanation of the observed “moving
concentrations” . would still not be satisfactory. A further adjustment
of the model 1s thus needed, and other parameters have to be tested for
their possible conmnection with the movements of the shrimp biomass.

Biomass estimates.

For all strata accordant to the stratum system defined by Carlsson &
Kanneworff {1979) biomass indices have been calculated by inserting the
parameter estimates from -the regression analyses together with relevant
values for the elements of the models into the equations for the five
slze groups (Tables 14-18). Biomasa estimates for the investigated
area, 66000'N - 69°30’N, within the depth range 100-600 meters were
calculated and summed up to pfoduce estimated levels of the total
biomass for the years 1981-85. The calculated blomass estimates. for the

period are as follows:

year 1981 1982 1983 1984 1985
tons 154892 188230 171196 184758 160238

Fig. 4 shows these estimates broken down into the five slze groups. The
trends in the flgures are in good agreement wlth trends in the
corresponding July-September CPUE-figures for Subarea 1B for the yeafs
1981-83, but net for the last two years (Carlsson, 1986).

A% only half of the variations observed 1in the blomass figures 1=
explained by the model a fairly large dlsagreement with cther measures
of shrimp density {e.g. CPUE} is to be expected. However, also the
differences in sampling periods (nmormally from the last part of July to
the end of Bugust) and sampling sltes compared to those occupied for
the CPUE-figures might give rise to larger disagreements.

No large varlation in the contributions of the filve size groups to the
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total biomasa can be seen tn Filg. 4, apart from the decrease from 1982
to 1983, This decrease 18 mainly due to a lower value of the blomans of
group five in 1983.

In order to visuallze the effect of the different parameters in the
five models separate maps for each of the slze groups and for each year
have been drawn. with isolines for different levels of blomass per
squaremeter (Figs. ©5-9). The .five size groups exhibit very different
distribution patterns, the small shrimp {(groups one and two)} being
concentrated in the northeastern part, while the large shrimp seem to
inhabit a fairly broad belt north and northwest of Store Helleflsgke-
banke. The distribution pattern of the larger shrimp corresponds on the
whole with the distribution of the commercial fishery in the areas
(Carlsson, 1986).

Small shrimp seem to have been fairly constant through the years, while

larger gshrimp exhibit some displacgments. For the area west of Store
Hellefiskebanke it is indicatéd, that shrimp of middie size {group
three) were of less density in 19871 than in the other years. This area
shows, however, a decreasing density of larger shrimp {groups four and
five) through the five year period.

CONCLUSION

Analysis of the distributlion of shrimp in the photographiec material has
shown that special areas exist, which exhibit more or less constant
densities of shrimp from year to year, It is also shown, however, that
high concentratlons of all sizes of shrimp occur on diffarrent
locatlons - in different years. ’

By means of a regreésion medel biomass estimates of- different size
groups of shrimp have been calculated for the total area: examined for
the years. 1981-85. The total biomass seem to have been fairly constant
through the vyears, however, large shrimp seem to have been less
abundant in all areas in 1983 and 1985, while in part of the area a
somewhat lower biomass of middle sized shrimp is Indicated 'for 1981.
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in 1984-85 with numbers and

estimated

occuplied
The

stations

List of

1c.

Table

weight of shrimp per

mean

‘squaremeter.

per

biomass

is also given.
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the

effect”™ on

“station

Linear regresgsion analysis of the
biomass density of group one for the years 1981-85.

Table 2.
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-the

effect” on

Linear regression analysis of the “station

Table 3.

density of group two for the years 1981-85.

biomass
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the

effgct’ on

Linear regression analysis of the “station

Table 4.
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the

effect”™ on

Linear regression analysis of the “station

Table S.

biomass density of group four for the years 1981-85,
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the

effect” on

“station

analysis of the
biomass density of group five for the years 1981-85,

Linear regression

Table 6.
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Table 7.

Regression analysis of the effects of a.o. bottom type on the

biomass of size group one. The input data for the analysis has been the

not average figures for each station as in

photographic

observations,

the other analyses.
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of the effects of a.o., bottom type on the

Regression analysils

Table 8.

ut data for the analysis has been the

inp

The

biomass of size group two.

not average figures for each station as 1n

observations,

photographic

the other analyses.
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been

has

ig

bottom type on the
for each station as

t data for the analys

inpu

not average figures

The

Regression analysis of the effects of a.o.

biomass of size group three.
the photographic observations,

in the other analyses.
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has

bottom type on the
for each station as

t data for the analysis

inpu

not average figures

The

Regression analysis of the effects of a.o.
the photographic chservations,

11,

biomass of size group five.
the other analyses.
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Table 15. Final regression model for the biomass of size group two. The

analysis itself together with

the

from
estimates for the model parameters.
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three.

Final regression model for the biomass of size group

Table 16.

the analysis itself together with

from

formation

Table gives in
estimates for the model parameters.
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for the biomass of size group four.

model

regression

Final

17.
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for the biomass of size group five.

regression model

Final

Table 18.

analysis itself together with

the

from
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in

The Table gives

format

estimates for the model parameters.
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Table 19. Combinations of parameters, their squarés and crossproducts
after determination of the best possible models for the different size
groups. The figures in the table give the rank of significance for the

elements in the model as seen in Tables 14-19.
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For area codes see Fig. 1.
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